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INTRODUCTION 

FIELD WORK AND ACKNOWLEDGMENTS ■'>•*. 

The field work on whirh tlie present report is based w«b done 
in the summer of 1!I0!). CoDfiiderable mapping still remains to 
be done in the Monarch dietrict, but it seems desirable to pubj^h 
at this time the more important results of examinations alreiiijy . 
made. DurinR the summer of 1910 the survey will be extended*' 
over a wider area, including that part of Gnnniaon Coud^ cou'*,' 
tiguous to the Monarch district. 

The topographic mapping was done by P. G. Worcester, B. C. 
Coffin, and R, M. Butters, who also assisted in the geologic work. 
Traverse plane-tables were used in both triangulation and tra- 
verse. Elevations were determined by means of aneroid barom- 
eters, and hence the contours as shown on the map should not 
be taken as quantitatively accurate. It is believed, however, 
that but few of them are in error more than two contour inter- 
vats. 

The topographic map was prepared for the engraver by Mr. 
Worcester. Mr. Butters has made many assays and chemical 
analyses for use in the report. Professor Junius Henderson, of 
the University of Colorado, has determined the fossils collected, 
and correlated the fonnations with those in other parts of Colo- 
rado. 

The mine owners, managers, superintendents, miners, leasers, 
and pro8))pctors in the district have done much to facilitate the 
work of the field party. They have not only shown payable ore 
bodies, but have pointed out their unprofitable undertakings and 
have not attempted to conceal unfavorable conditions. Many 
non-resident mine owners have given valuable assistance. Mr. 
F. P. Black, who has made many mine and patent surveys in the 
district, has generously responded to frequent requests for maps 
and other data. The plans and vertical sections of mines are 
reductions of drawings furnished by the mining companies. 

SITUATION OF THE DISTRICT 

The Monarch mining district is in the southwestern part of 

Chaflfee County, Colorado, on the east slope of the Sawatch Range, 

which forms a part of the Continental Divide. The district may 

be reached by rail or by triweekly stage from Salida, about 
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twenty mite^ Aisfant. There are two villages id the region, Gar- 
field and Mon'flpch, about a mile and a half apart. 

Besidt-tb'e productive area shown on the map (PI. I) ore 
has been',Knind on Pass Creek several miles southeast of Monarch, 
and on.'tbe North Fork of the 8outh Arkansas Biver, north of 
Moutj'f'iietna and Taylor Mountain. The White Pine mining 
difitricf lies just over the range toward the west. 

:'\-''/ WATER SUPPLY AND TIMBER 

:,*,*■.' Precipitation during the winter is heavy, and the snow that 

• ,4ccumulateB on the highest slopes may remain antil nearly the 

'• end of Bummer. The melting snow and frequent showers furnish 

abundant water within the district for every purpose during the 

summer. In the winter the streams are continually fed by 

numerous springs. (See p. 28.) 

Formerly pine, spruce, and flr covered most of the slopes 
below timberline, but much of the timber is now removed. Al- 
though a few restricted areas are still densely forested, the re- 
newal of a demand, such as existed in the eighties, would soon 
exhaust the supply in the immediate vicinity of the mines. Even 
now a large part of the timber used comes from near I.«adville. 



In 1878 ore was discovered on the Great Monarch claim 
by the Boone brothers. This was followed in 1878 or 1879 by 
discoveries of ore, by the four Boones, on the Fairplay, Pay Mas- 
ter, Ben Bolt, and Eclipse. Creede (?) located the Oshkosh in 
1878 or 1879. At about the same time Smith and Gray discov- 
ered oi-e in the Madonn.i and Silent Friend. Early in 187it 
Mr. Daily found ore at Cree Camp on the Song Bird claim, which 
he afterward sold to Alex Cree. The Mountain Chief, Missouri 
Boy. Eagle Bird, and others in Taylor Gulch, were soon located. 

The firet ore shipped from the district came from the Great 
Monarch, and was hauled by wagon to Canon City. It ran about 
200 ounces silver i>er ton. A small amount of ore from other 
mines was freighted by wagon to Canon City before the railroad 
was built to Maysville in 1881, The ore from most of the mines 
was of too low grade to ship after hauling by wagon even to 
Maysville. The owners of the Madonna, to whom the discoverers 
sold that claim, built a small smelter at the foot of the hill to 
treat the Madonna ores, but this was not a success. In 18S.3 
Mr. A. Filers saw the possibilities of the Madonna, secured the 
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GEOLOGY OF THE UONABCH MINING DISTRICT » 

esteneioD of tbe railroad from Majaville to Monarch — nine miles — 
and ot^uized the Colorado Smelting Company, which took over 
the Madonna mine and erected a smelter at Pueblo. Since an 
abundance of basic ore was supplied b; the Madonna for fluxing 
siliceous ores purchased from other Colorado districts, this enter- 
prise was a success from the first. 

For about ten years, beginning with 1883, the production of 
the district was large. In 1893 Monarch shared the common 
experience of Colorado silver-producing camps, and for some time 
the district was nearly deserted. Within the past few years, 
however, with a home market for zinc and an increasing demand 
for basic fluxing ores, there has been a revival of interest in the 
district. The recent discovery of ore on the lowest level of the 
Madonna, and in the Mason and Moose mines, the increasing 
output of the Lilly, the reopening of the Eclipse, and the devel- 
opment work in Taylor Gulch, will probably stimulate the great- 
est activity that has been known in the district since the early 
nineties. 

That the production of the region has not been greater is due 
in part to tbe methods of a number of mine owners, who have been 
satisfied to acquire modest fortunes with the least possible risk. 
Very little development work was carried on in some of the good 
mines while ore was being taken out, and they were closed when 
the known ore bodies began to fall. To the credit of the district 
it should be stated that there has been a minimum of expensive 
litigation among the mine owners. Probably not more than two 
mines have ever been shut down pending court decisions. 

PRODUCTION 

Since there have been so many estimates, guesses, and ex- 
aggerated statements as to the output of the district a special 
effort has been made by the Survey to secure data which would 
be reasonably accurate. Many of the mine owners have co- 
operated, and the result is fairly satisfactory. The tonnage and 
value, by years, have been obtained for the EJclipse, Falrplay, 
Lilly, and Madonna mines, but in moat instances only the total 
production could be learned. Conservative estimates have been 
accepted for a few mines of which the exact output was not 
known. 

The gross value of the ore shipped appears to l>e between 
I7.000.000 and ?8.000,000. Of this amount the Madonna has pro- 
duced 14.535,543.94. (Seep. 47.) The production of several others 
is noted in the description of mines. 
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Aside from a tliii-e-imge iirtii-lc in tli^ Keport of tlie State 
Geologist for lSS;i-84'. trwiting <'liieilv of the Coluiiibus mine. I 
have seen no (Ie«('ri|itinn of tlie region in p^eologicnl or mining 
publications. Brief referenre to tlie distpict is made in several 
volumes of Mineral Resoun'es of tlie United States by the United 
States Geological Survey, and in the re|K>rtB of the State Geolo- 
gist, and of the Bureau of Mines of Colorado. Ore was not dis- 
eovered at Monarch until after the work of the Ha.vden sui-vey 
was completed in Colorado, and it apiienrs that the geologists of 
that organization passed over the region somewhat hurriedly. 
In 188.5 the late George H. Eldridge, of the United States Geologi- 
eal Survey, examined the Madonna mine and surround iugs. but 
his report was not published. 

'Report or E. IrfNpve Fnsler, State Geologist, 1SS4. pp. 3(i-S3, 
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OUTLINE OF GEOLOGY 

The .irea ui<)p]>o<l is a Kiuall part of a large nietainorphic 
area wliich was intruded by granite probably in preCambrian 
time. Tlie granite it«elf nnderwent a moderate degi'ee of ineta- 
morphism. 

Probably in Cambrian time marine sedimentB of unknown 
thickness were laid down on the granite. Later, elevation ex- 
posed these sediments to erosion until they were nearly all 
removed. 

The surface was again submerged in Ordovician time. The 
presence of Silurian and Lower Devonian strata has not been 
proved. Upper Devonian and Lower Carboniferous times are 
represented by sediments more than a mile in thickness. 

At an unknown time subsequent to the period of sedimenta- 
tion the entire rt^ion was left high above sea-level and subjected 
to folding and faulting. 

After the folding, a large mass of quartz monzonite was in- 
truded into the sedimentary rocks, and this was followed by the 
intrusion of many porphyry dikes. 

Subs(H]Hent to the folding and probably after the intrusion 
of quartz monzonite, metallic minerals were deposited in the 
tilted sedimentary rocks. Some mineralization immediately suc- 
reeded the intrusion of porphyry. 

Erosion has removed a large amount of rock and exposed 
the porphyry dikes and ore bodies. Whether or not the quartz 
monzonite originally reached the surface is not known, hut ero- 
sion has made the outcrop of this rock prominent. 

Probably in Pleistocene and Recent times, local glaciers, 
heading on the divides, moved down the valleys where they de- 
posited moraines. 
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TOPOORAPHY 

The area covered b; the map is one of high relief, having a 
vertical range of approximately 4,500 feet. High sharp peaks 
and valleys with steep Bides are characteriBtic features. Moat 
of the valleys are V-ahaped, but U-ahaped valleys heading in 
glacial cirques near the top of the Continental Divide are not 
uncommon in this area and farther south. The region is drained 
by the North, Middle, and South forks of the South Arkanaas 
River and numerous smaller tributary streams. North Fork, 
which does not appear on the map, fiowa eastward a short dis- 
tance north of Taylor Mountain. 

Giaciation has been an important agent in the development 
of minor features of the topography. It has been effective in 
three ways: (1) In planing down and reducing the irregularities 
of surface, (2) in gouging out rock basins, (3) in forming rough- 
and-tumble moral nal topography. 

Good examples of the first may be seen in the roches mou- 
tonees east of Garfield, west of Boss Lake, and in the valley of 
North Fork. Strife are present only where the abraded surface 
has been protected by a covering of Boil. Boas Lake presents 
the best example of gouging. Giaciation was unusually effective 
here perhaps because of mineralization of the faulted sediment- 
ary rocks at the contact with the eruptive quartz mouzonite. 
Tills is indicated by the large amount of magnetite and iron sul- 
phide just east and north of the lake. Rough-and-tumble topog- 
raphy occurs in several places, but is perhaps best seen in the 
valley a short distance southeast of Cree Camp. 

PRE-CAMBRIAN ROCKS 
GRANITIC GNEISS 

Although no highly metamorphosed preCambrian rocks are 
present in the area covered by the map. granitic gneiss occurs 
o\'er wide areas not far east and southeast. 



One of the most important rocks of the district in areal 
extent is biotif" <»r!inite which was intruded into the gneiss prob- 
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GEOLOGY OF THE MONARCH MINING DI3TEICT 13 

ably in pre-Canibrian time. The reasons for considering it pre- 
Cambrian are its structural similarity to granite in other parts 
of Colorado, whose age has been fairly well established, and the 
stratigraphic evidence of overlying rocks noted below. 

The granite ranges from light gray to darker gray and to 
red. It is medium to coarse in texture. Much of the granite is 
even-grained but a porphyritic facies is present over considerable 
areas, particularly in the east part of the field where feldspar 
phenocrysts from half an inch to an inch and a half long form a 
large portion of the rock. Very commonly these phenocrysts 
show a parallelism in arrangement, probably due in large part 
to their assuming a similar position in the moving rock magma 
before it had solidified. In general the even-grained granite is 
massive or only slightly gneissoid, but locally granite-gneiss has 
been developed through shearing stresses. 

In the southern and southwestern part of the field the gran- 
ite is predominantly pink or red and even grained. The color of 
the rock is due in part to the color of the feldspar but is also 
in lai^ measure a result of the weathering of the biotite. 

The essential constituents of the granite are potash feldspar, 
quartz, biotite, and plagioclase. Although the proportions of 
the minerals vary from place to place the order given is in gen- 
eral the order of importance. 

DIORITE, 8VENITE, AND HORNBLBNDITE 

In the granite area east of Garfield are several intermediate 
to basic dikes, trending in a general northerly direction. These 
dikes are probably intrusive into the granite since they extend 
long distances and in most cases are sharply differentiated from 
the granite walls, apparently forming an eruptive contact. They 
have, however, shared the regional metamorphism with the gran- 
ite, and are hence probably but little younger. 

The dike seen at the railway about 800 feet east of the base 
of the limestone is a heavy, dark, fine-grained rock composed of 
hornblende and subordinate feldspar with considerable titanite 
and a smalt quantity of magnetite. The microscope shows the 
feldspar to be microcline and plagioclase in about equal quan- 
tities. 

The Bay State and Independence tunnels about a mile north 
of the railroad, cut a similar or probably the same dike. The 
rock in the specimens examined differs from that at the railroad 
chiefly in that the feldspar iR all orthoclaae. This dike, or one 
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parallel to it, can be trft<'cd noi'tliwnrd nearly half a mile to a 
point wliPi* it paxseR under the glacial drift. 

A tew feet esist of tlip flitit dike inentioned is one of liorn- 
bleiidite coniitoned cliiefly of hoinblenile but rarryinp oonie pyrite. 

A xtrong dike of diorite. about a mile and a balf enxt of 
Garfield, runs nearly imnillel to those described. It is por- 
phyritic in appeanince and shows evideni-e of having been 
squeezed and folded throuffh shearing sti-esses. While the dike 
ap)>eurs to be intrusive into the granite it does not show walls 
as well defined as do some of the others, and is itself rut by 
veins of |ief;matite frcmi a fraetion of an in<li to several inches 
wide, 

PALEOZOIC SEDIMENTS 

A series of sedimentary rocks more than a mile in thicknesB 
is present between the east side of Taylor Gulch and the west 
side of Colnnibus Gulch. Xoi-th of Clover Mountain eruptive 
nK'ks enclose lai^ masses of sediments which differ lithologic- 
ally from any towai-d the east and ai-e |»i-obably younger. The 
entire section is nowliere exjiosed. but the general character can 
be determined and the lower part of the series can be examined 
in detail. Within the lower 4,0(lf* feet Ordovician. Devonian, and 
Carboniferous fossils have been found, but the upjwr part of the 
series has thus far yielded no fossils. 

PRE-DKVONIAN LIMESTONK .IXU (JIARTZITKS 

Thi-onghont the distri<t wliei-ever tlie contact of the sedi- 
ments with the underlying granite is exposed at the surface the 
limestone desi-ribed below lies immediately on the granite. But 
in several mines (|nart7.ite varying in thickness from a few 
inches to several feet lies between the granite and overlying lime- 
stone. This ijuartKite may }ie seen in the Clinton and Lilly 
mines north of Garfield and in the Evening Star tunnel on Mon- 
anh Hill, 

Since no fossils have been found in this quartzile it cannot 
be referi-ed with certainly to uny age. The fact that it is a 
i-emnant left at the close of a period of erosion befoi'e the Ordo- 
vician sediments were dejiosited, indii-ates tliat it may be of 
Cambrian age. 

IJiuishgray limestone, having n thickness i)f '2'-l~i to li.'iil feet, 
overlies the fjuartzite where the lafter is present, and rests on 
the gninite whei-e the quartzite is absent. The limestone is mag- 
nesian throughout, is for the most part thirk-bedded and con- 
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tains several iliert.v strata. Most of the chert is in nodules but 
there are more or less continuous beds up to thi-ee inches thick. 

Above the tiinestone descritted is a iiersisteut hed of quartz- 
it€, locally called the "parting qunrtzite". No attempt is here 
made to cori-ehite this formation with the I'arting Quartzite of 
Ijcadville suid Asijen, although it is not impossible that the two 
may occupy the saaie stiatigraphic position. The quartzite varies 
in thickness from 37 feet, east of Oarfleld, to leas than 20 feet, 
southnest of Monarch. It is bluish to white and for the most 
part rathei- line in texture. Locally it carries a thin bed of car- 
bonaceous shale near the upi>er part. The quartzite is conform- 
ably overlain by nmgnesian limeatone in which chert is less 
common than in the limestone below the quartzite. Fossils from 
this limestone, 40 feet above the quartzite. were identified as 
RiTepUicHlites oireiii by Professor Henderson and by Dr. B. O. 
I'lricb who consider them to represent an Ordovician horizon. 

The late (ieorpe H. Eldridge collected a number of specimens 
from Monai-ch Hill in 1885. Doctor Girty, who bas very kindly 
looked up Mr, Rldridge's notes and collection, states that several 
years ago lie provisionally identified Ordovician fossils from this 
collection. He has also found lists, which he thinks were made 
by Doctor Walcott, giving the following sjiecies obtained by Mr. 
Eldridge : 

Halifsites eaten II latug 

Halt/sites agglomcratus 

IlipIn/pkyUum sp. 

Zapbnntia sp. 

HeUoUtcH sp. 

Htromatopora sp. 

Ortho<-ci-an of the tyiie of Mult Hub ula turn 

The pi-eaent writer does not have at hand Mr. Eldridge's 
notes but the description of stations as given by Doctor (Jirty 
indicates that at least part of the fossils were found below the 
quartzite. Hence it appears that neither the upper nor the lower 
limits of the Ordovician have been specifically determined. 

OUEAY LIMESTONE 

About 900 feet of limestone conformably overlies the '"part- 
ing quartzite" and is overlain by a thick series of quartzites, 
shales, and limest'iiie. The limestone is for the most part blue or 
gray but a stratum of black limestone occurs in the up|)er part. 
Beginning at about 10ft feet above the quartzite is a stratum 
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about 80 feet thick which ranges from siliceous limestone to a 
structnretesB hard mottled shale which breaks with a conchoidal 
fracture and weathers to reddish or chocolate brown. 

Most of the limestone is magnesian or dolomitic, flne-grai ned , 
and breake with sub-conchoidal fracture. However, about 600 
feet above the quartzite is a bed approximately 100 feet thick 
composed of almost pure calcium carbonate; it is blue in color 
and crystalline. This is the rock that is quarried at Garfield for 
flux. 

Girty' has recorded the following Devonian fossils collected 
by Eldridge from the Ouray limestone of Monarch Hill: 

Athyrig colorodoentia Girty 

CaviarotcEChia contracta (Hall) Hall and Clarke 

Camarotcechia endlichi (Meek) Schuchert 

Monotrypella sp. 

Orthoceras sp. 

Orthothetea cliemungensia (Conrad) Hall and Clarke^ 
SctMichertella chemungenai» (Conrad) Kindle* 

OrtJwthetea chcviungensig var. 

Productella aemiglobosa Nettleroth? = P. coloradoensis 
Kindle* 

ProducteUa sublata Hall? 

Prodtictella sublata var. 

Bchizophoria atriatula (Schlotheim) Schuchert=.S. sfn'atuta 
var. austraUa Kindle* 

Spirifer disjunctus aniiiiaaensis Girty 

Straparollua clymenioidea Hall? 

Specimens of all the fossils named above, excepting Pro- 
ductella and StraparolluB, were found by our party. The lowest 
horizon in which we found Devonian fossils is about 240 feet 
above the bed which carries an Ordovician fauna. Since there 
is no apparent structural unconformity it is possible that during 
the Silurian period and perhaps part of the Devonian, sedimenta- 
tion was very slow and that the time mentioned is represented 
by scarcely 200 feet of limestone. Further search may extend 
the vertical range of Ordovician and Devonian forms, 

(in FosRila from SouihwestPrn Colnrndo; the Fauna or 
8. Geol. Sorv.. 20tli Ann, Kept. pt. 2. pp. 34-sn. 
The Devonian Fauna of the Ouray Limestone. V. S, Oeol. 
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The Carboniferous fosBJIs collected by Eldridge od Monaroh 
Hill and described by Girty' are: 

Bpirifer centronatua Winchell 

Syringopora aculeata Oirty 

Syringopora surcularia Girty 
In course of the present survey the following were collected: 

Fenestella op. 

Productus sp. 

Spiriferina soUdiroatris White 

Syrmgopora aculeata Girty 

Syringopora mrcularia Girty 

These fossils were found in two horizons: (1) in the black 
limestone mentioned above; (2) In a shale stratum on the south 
slope of 8yncllne Hilt and about 3,000 feet higher stratigraphic- 
ally than the black limestone. It should be added that no Devon- 
ian fossils were found in the black limestone or above, and it is 
possible that this limeBtone may be at the base of the Carboni- 
ferous. A more detailed study will be made later. 

POST-DEVONIAN IGNEOUS ROCKS 
QDABTZ HONZONITB (aDAMBLLITE) 

This rock, which is provisionally called quartz moDZOuite, 
occurs in a stock, or body of irregular form, in the northwestern 
part of the district. It extends northeastward beyond the North 
Fork of the South Arkansas; its southwestern extent has not 
been determined, but the stock probably forms an irregular con- 
tact with the pre-Cambrian granite southwest of Boss Lake and 
distant one to three miles. Its greatest width within the area 
mapped is about one mile. 

Petrography. — In the field this rock would be readily taken 
for a qaartz-poor granite. In fact, west of Boss Lake where it is 
much weathered and quartz is prominent, it is impossible to dis- 
tingnish between the older granite and the later eruptive. The 
absence of microcline and the presence of much ptagioclase and 
abundant accessory titanite seen in thin sections are characteris- 
tic features of the younger rock. It is medium to coarse in tex- 
ture and composed of pink and white feldspars, quartz, biotit^ 
hornblende, and accessory titanite, apatite, zircon, and magnetite. 
On Taylor Mountain, where it can best be studied, the rock is 
generally even-grained, bnt occasionally a pink feldspar pheno- 

f Colorado, U. 8. 
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ci-vst with !i masiniuiii diameter of one inch (25 mm.) ma; be 
Been. Ordinnrlly the feldxiiitrs nre less than 5 or 6 mm. in di- 
ameter. The biotite am) hornblende crystals are 1 to 3 mm. in 
diameter. Although quartz is neariy always present it is fre- 
quently subordinate in tjuaDtity and in some cases almost dis- 
appears. Titanite is a constant and conspicuous accessory in 
j'eliow crystals 1 to 3 mm. long. Nearly everywhere the dark 
minerals are subordinate in amount. The fresh rock is pinkish- 
gray but in some weathered exposures is nearly white. 

The miscroEcope shows plagloclaee In excess of orttaoclase In many 
.specimens, but the proportion Is not conslant. In some cases orthoclaae 
■is almost wantlag; in others it equals or exceeds the plagloclase In 
Jimount. Ali.iiougb tabradorite is present extinction angles Indicate that 
the piagioclase is principally andesine with perhaps some oIlEOclase. 
Carlsbad twinning In a tew instances accompanies the universal alblte 
twinning, and twinning after the peri dine law is common. The 
plagioclase shows a strong tendency toward automorphism, and sonal 
structure is not intrequently seen. Occasional crystals enclose many 
flaKes ot biotite. Excepting quartz, orthoclase was the last mineral to 
crystalllEe. Its crystallization was In part synchronous with that of 
quartz. This feldspar presents no crystal outline and polk ill tic ally en- 
closes all the earlier formed minerals. It ie occasionally perthltically 
Intergrown with the piagioclase. Carlsbad Cains are only occasionally 

Hornblende and biotite are present in nearly equal amounts, and are 
Intergrown In many cases. On the whole they appear to have crystallized 
a little later than the plagioclase, but are automorphlc toward the ortho- 
clase. The hornblende is the common green pleochrolc variety and not 
Infrequently twinned. 

Small magnetite crystals are comrnonly associaled with, or enclosed 
by. both hornblende and biotite. While small apatite crystals are included 
In all the essential constituents they seem to have a special affinity tor 
the biotite. Titanite, the most abundant accessory, is present in irregular 
grains and wedge-shaped crystals. Minute zircons are encioaed by quartz 
and the feldspars. 

Texture and atrutturi: — In general the quartz moiizonite is 
medium to coarse in texture as above stated. Uowever, along 
the west border of the mass on the slope of Mount Aetna the 
rock la exti-emely coarse with the dark minerals segregated in 
lai-^e putclies, and feldspar crytttala up to an inch in diameter. 
Here also the rock is distinctly {lueisaoid in structure, which 
may possibly be a fluxioual aiTangement. Except near the border 
at this and other points the quartz monzonite is massive and 
pi^seuts no evidence of metamorphism. The rock is irregularly 
jointed in bioclfs which may reach 15 feet or more in diameter. 
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The name,— On the strength of mineral determination alone 
it is very difficult to place this rock, and as stated above the 
term quartz monzouite is used provisionally. Some specimens 
might be unhesitatingly called granodiorite. In places, by 
increase in quartz and orthoclase the rock approaches the diorites 
or quartz diorites. In addition to the granite dikes mentioned 
below there are within the main body granitic fades with a large 
proportion of quartz and orthoclase and subordinate plagio- 
clase. In the main, however, the mineral composition seems to be 
essentially that of quartz monzouite, that is, a rock between 
6}-euite and diorite with the addition of considerable quartz. 

Apophyses. — Along the east border of the stock, apophyses 
t-xtend into the sedimentary rocks usually in the form of dikes. 
In most cases these dikes are roughly parallel to the border of 
the stock, and in several instances there is no observed connec- 
tion with the main body at the surface. The rock of most of 
these dikes is finer in texture and more acidic than the main 
mass. It ranges from a biotite granite to alaskite, which is a 
granite composed .essentially of quartz and alkali feldspar. In- 
clusions of the sedimentary rocks are common. Some of these 
dikes, even though but a few feet wide carry parallel dikes or 
veins of pegmatite. Pegmatite veins extend also into the con- 
tact-metamorphosed sedimentary rooks, where they may be from 
a fraction of an inch to a foot or more in width. Examples of 
this may be seen on the south wall of the spillway of Boss Lake 
where the largest vein varies from three to ten inches wide. This 
vein shows feldspar with a little quartz M the sides, and at the 
center quartz with a little feldspar together with black tourma- 
line, biotite and muscovite. 

QUARTZ MONZONITB (BANATITB) 

There is an outcrop of monzouite carrying a small amount 
of quartz about three-fourths of a mile westward from Monarch, 
and the same rock may be in contact with the limestone a short 
distance northwest of the village. This is indicated by the large 
number of boulders on this slope and the coarse marble formed 
by the metamorphism of the limestone. The boulders, however, 
may have been brought to their present position by glaciers. 

This monzonite does not resemble the more acid monzouite 
of Taylor Mountain. It carries mnch less quartz, is finer in 
texture, contains a larger proportion of the dark minerals, and 



Digitized byGOO'^le 



M A PRELIMINABY REPORT ON THE 

closel.v resembles diorite. It is omitted from the map because 
the boundaries have not yet been traced. 

PORPHYRIES 

Dikes of porphyry are common in and near the quartz mon- 
zonite. They range from a few inches to 50 feet in width and 
to perhaps half a mile on Mount Aetna. Most of the dikes are 
less than 30 feet wide. Many are very irregular in tbeir course 
in the sedimeDtary rocks and not infrequently follow the bed- 
ding planes for some distance as sheets. As a rule outcrops are 
easily followed on the ridges and upper parts of the slopes, but 
in the valleys talus and soil cover the dikes too deeply to permit 
them to be readily traced. There is no doubt that many of the 
dikes seen on the ridges and higher slopes are continuous through 
the valleys. 

Mineralization is common in many places. Pyrite may be 
present in considerable quantity in cubes or more usually as 
irregular grains or masses. 

Quartz monzonite porphyry. — Coarse porphyries are common 
and range in composition from diorite porphyry to soda-granite 
porphyry. In some instances quartz-bearing porphyry can be 
traced from the interior of the dike to a fine-grained diorite or 
diorite porphyry near the walls. The latter rock carries a very 
small amount of quartz. In a few cases highly quartzose por 
phyry and qnartzless porphyry hare been intruded into the same 
fissure at different times. Ifa satisfactory evidence as to the 
relative age of the two has been noted. 

A very common phase of the quartz monzonite porphyry In 
the wider dikes is one which carries pink feldspars from 5 to 
60 mm. in diameter, smaller white plagioclase phenocrysts, quartz, 
and hornblende phenocrysts as the megascopic constituents in a 
crystalline groundmaes. In a few instances biotite is present 
in amount equal to that of the hornblende. The rock bears a 
striking resemblance to the Lincoln porphyry of Leadville but 
carries hornblende as the dominant ferromagnesian mineral in- 
stead of biotite, and has a coarser groundmass than the Leadville 
rock. 

Many of the pink orthoclase phenocrista are twinned after 
the Carlsbad law, and some enclose other minerals of the rocfe 
poikilitically. Not infrequently by the aid of a lens twinning 
striae can be seen on cleavage faces of the plagioclase. The 
quartz phenocrysts vary from a few millimeters to a centimeter 
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in diameter and are geoerally rounded by pe-8olution. The quartz 
is very irregularly distributed. Locally it is an abundant con- 
stituent, but it is absent from the rock in many places. Horn- 
blende occurs in crystals up to one centimeter in length. This 
mineral is always present in considerable quantity but is fre- 
quently chloritized. 

In thin section the hornblende is brownieh-green, and muir crystala 
show orthoplnacoidal twinning. The plagioclase la in part labradorlte, 
but probably more sodic varletlea predominate. The groundmass Is bolo- 
crystalline and commonly even-granular. When plagloclase exceeds ortho- 
class In amount In the groundmaBa it occurs In small rectangular forms 
while the orthoclsae la packed In the Interstices. The ratio of orthoclase 
to plagloclase varies greatly in groundmass as well as pheaocrysta. 

In addition to the megascopic constituents the microscope shows ac- 
cessory magnetite, tltanite, zircon, and apatite. 

There are several variations from the rock described both in 
texture and mineral composition. On Clover Mountain and in 
Hoffman Park the coarse acidic porphyry appears to grade 
toward the dike walls into a very finegrained diorite, or micro- 
diorite. carrying great numbers of long, slender hornblende crys- 
tals, hypautomnrphjc plagiorlaee crystals, and a small amount of 
interstitial orthoclase and quartz. On the southeast slope of 
Taylor Mountain is a dike of what might be termed micro-mon- 
zonite. It is very fine in texture, even-grained and composed of 
hornblende, orthoclase and plagioclase with no quartz. 

In a few dikes, at least part of the rock has a coarser ground- 
mass and smaller pbenocrysts than the first variety described. 
It is composed essentially of white orthoclase and hornblende- 
Taken alone it would properly be called syenite porphyry. 

Latite and latite porphyry. — The dikes mapped as latite and 
latite porphyry range in composition from andesite to rbyolite, 
and in texture from felsitic to moderately porphyritic. The 
greater part of the rock carries orthoclase and piagioclaae in 
approximately equal amounts. Free quartz occurs sparingly but 
is absent from the greater part of the rock. Hornblende is pres- 
ent in most of the rock, but is accompanied in some cases by 
much biotite. Barely biotite occurs to the exclusion of horn- 
blende. Titanite, magnetite, and apatite occur as accessories. 

The groundmass is composed mainly of poorly individualized 
feldspar microlites with a variable amount of interstitial feld- 
spar. Secondary quartz is present in some cases. The ratio 
of groundmass to phenocrysts is large, and in several dikes pbeno- 
crysts are all but absent from the rock. The rock in a few dikes 
closely resembles the Ijcadville "white porphyry". In many 



ib, Google 



22 A PRELIMINARY REPORT ON THK 

Bpeciniene the advaDced stage of alteration preveota the accurate 
determination of the constitaent mineralB. 



On the ridge north of Clover Mountain in the vicinity of the 
Mason mine, the greater part of the rock is breccia which carries 
angular fragments ranging from microscopic dimensions to 
masBes many feet across. The fragments are mainly shale, sand- 
stone, and arkose, but considerable gneissoid granite or quartz 
monzonite like that on the east slope of Mount Aetna, is present. 
The matrix is greenish and much weathered. The few specimens 
examined are too badlj altered for specific identification but 
appear to be andesitic or latitic in composition. 

QUATERNARY DEPOSITS 
MORAINES 

Glacial deposits are widely distributed within the area cov- 
ered by the map and are fonnd in greater quantity several miles 
east. The moraines are composed of glacial clay with a large 
proportion of sub-angular boulders which show but little, if any, 
facetting. Boulders high on the slopes were probably deposited 
by ice mast^es of considerable size. 

The glaciers were local and moved from the west and north. 
One of the largest bad its source near Mount Aetna and moved 
down Middle Fork, Another moved down Lake Fork. One, and 
I)erhapa two, reached Monarch from the west. The large amount 
of morainal material southeast of Crce Camp shows that a gla- 
cier had its source either on Taylor Mountain or at the head of 
the gulch toward the northeast. 

Much of the glacial deposits has been removed by erosion, 
and it is probable that the moraines within the district are no- 
where very deep. Near the old Columbus mill-site on Middle 
Fork a tunnel driven about 85 feet into the steep north wall of 
the canyon does not go through the glacial covering, but in many 
places the streams have cut down to bed-rock. Many of the 
smaller patches of ice-deposited debris are not represented on 
the geologic map. 

ROCKSLIDES AND 



Large masses of sliderock occur on several of the steeper 
slopes particularly west of Boss Lake, on Mount Aetna and the 
north slope of Taylor Mountain. The longest of these extends 
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from tlie top of Aetna to Middle Fork where it may be seen from 
a long distance as a light-colored streak in contrast with the 
darker weathered rock on both sides. 

Near the top of the Continental Divide are aecumulationB of 
loose rock which have apparently been deposited at the front of 
large banks of snow or ice which may or may not have been in 
motion. Subsequent melting of the snow or ice left depressions 
which now contain small bodies of water up to 50 feet or more 
wide. It is assumed that these rock masses are the accumula- 
tions of many years. 

Typical landslides are not common. On Monarch Hill a short 
distance south of the entrance to the Madonna No. 6 tunnel is a 
mass of the siliceous shaly stratum of the Ouray limestone men- 
tioned on page IB. This stratum carries a layer of quartzite 
and strangely enough has lodged almost directly above the "part- 
ing quartzite" cut by the tunnel. The thinness of the quartzite 
bed at the surface and difference in dip and strike from that 
underground, together with the presence of the chocolate-colored 
shale at the surface, prove that the exposed rock has come from a 
higher position. 

STRUCTURE 

Owing to the scarcity of extensive underground workings 
and the abundance of tains and drift the details of structure 
have not been worked out as fully as desirable, but the general 
features have been determined. In addition to the processes of 
sedimentation and the changes in conditions which accompanied 
those processes the principal factors to be considered in the 
structural geology of the region are folding, faulting, jointing, 
solution, and igneous intrusion. A phenomenon less important 
for the purpose of this paper is the moderate regional metamor- 
phism of the pre-Cambrian granite. 



Next to the mountain-making movements which have left 
marine sediments more than two miles above sea level, tangential 
movements have perhaps been the most prominent. These hori- 
zontal movements were accompanied by vertical movements. Un- 
til studies are carried westward and northward it is impossible 
to say to what extent the folds of the Monarch district are part 
of a larger structural unit. It appears from the evidence at hand 
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that there were two directions in which strong forces acted, 
namely, east-west and Dorth-south. The result of these stresses 
was a syDclioal fold having a general north-south axis, with 
minor echelon folds. 

The sedimentary beds have been tilted through an angle which 
ranges from 16° to 90° and even more in a number of instances. 
On Monarch Hill the dip is moderate, ranging from 30° to 45° 
for the most part. East and north of Garfield the strata are 
nearly vertical. In the Lilly mine the granite floor on which 
the sediments were laid down now stands vertical or but slightly 
inclined from vertical toward the west. In the Garfield tunnel 
driven northward along the limestone-granite contact from the 
creek below Garfield the dip is toward the west near the tunnel 
entrance, but near the breast the granite forms the hanging wall 
with an eastward dip of T3°. Similar overturns are not uncom- 
mon in a number of places. 

The most extreme case occurs on Monarch Hill where it can 
be well seen in the Hawkeve mine. The Hawkeye tunnel was 
driven several hundred feet to the granite contact and thence 
along the contact where the granite forms the hanging wall with 
a westward dip of 40° to 60°, In the upper part of an upraise 
from the end of the main tunnel the granite hanging wall can 
be seen dipping westward 25°. A crosscut to the east limb of 
the fold found the granite footwall dipping westward 28°. In 
the Madonna No. fi tunnel the quartaite of the northwest limb 
of the fold dips 60° N. 53° W. 

From this point northward the boundary between the granite 
and limestone cannot be accurately determined at present. Al- 
luvium in the creek and drift toward the north, conceal the bed- 
rock, while no serious prospecting has been done along the con- 
tact. It is probable that in this vicinity there is a sharp fold 
which passes into the fault toward the north. The broken lines 
in CC, Plate III, indicate the possible attitude of the beds if ihey 
are not indeed faulted along this line. 

East of Cree Camp the limestone-granite contact offsets more 
than a quarter of a mile while holding its northward trend. 
Faulting first suggests itself to the observer. However, a short 
distance northeast of the cabins of Cree Camp an opening ex- 
poses the contact which dips toward the northeast swinging grad- 
ually but sharply from north toward east. Alluvium and mo- 
rainal material conceal the contact between this outcrop and the 
Clinton mine, but it is inferred that an echelon fold connects 
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e~Kran1te contact 



the liiueRtone of the ClintOD mine with 
that at Cree Camp {Pig. 1). The possi- 
bility that this sharp fold may have cul- 
minated in a fault is conceded. 



IxK-al faults of small throw aJ:e QU- 
i in mines in all parts of the sedi- 
mentary' area. Movemeut has been in 
practically all directions as can be deter- 
mined by slickensided surfaces. 

A few of the lai^r faults are represented on the map. The 
one which hae the greatest throw pass's southward from Boss 
Lake an undetermined distance. From the divide southward 
its exact position cannot be determined because of the surfirial 
materia), and hence its position on the map is only provisional. 
On the north slope the granite is exposed very near the upended 
sedimentary rocks, and the position of the fault here can be 
determined with reasonable accuracy. As it is represented in 
section BB, Plate III, the hade toward the west is only tenta- 
tive. It is probably even greater than the figure indicates. It 
will be seen from the section that the sedimentary beds of Syn- 
cline Hill are about 4,800 feet thick. Even if no allowance be 
made for the erosion of sedimentary rocks which formerly over- 
lay the granite west of the fault the throw and stratigraphic 
throw must be nearly or quite a mile. 

The faults of Monarch Hill have been mapped lai^ly from 
surface indications. Unfortunately the plans of the mines do 
not show the positions of the faults underground and the acces- 
sible workings do not disclose the relationships of the most im- 
portant ones. While of comparatively small throw, these faults 
are important in that they accompany fissures which formed 
channels for the circulation of mineral solutions. The crushing 
of the rock which accompanied the faulting furnished open 
ground favorable to ore deposition. 

The Madonna fault appears to be a thrust fault hading to- 
ward the southwest, that is, with the upthrow on the southwest 
side. The Mayflower fault is probably a gravity fault with the 
downthrow on the southwest. It can be most easily seen where 
the quartzite offsets from the Eclipse discovery shaft almost to 
the entrance of Eclipse No. 1 tunnel. It is probable that a 
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shorter fault striking northwest, crosses the saddle between these 
two and meets the Madonna fanlt at Zero level. 

According to Mr. A. Eilers the block between the Madonna 
and Mayflower faults has dropped downward through a vertical 
distance of 200 to 250 feet and is badly broken. There is no 
regularity in dip and strike and the bedding planes are not con- 
tinuons. Mr. Eilers also states that the Madonna fault con- 
tinues into the underlying granite as shown in a number of 
levels, and that the granite on the southwest side of the fault 
extends some 200 feet farther northwest than it does on the north- 
east side. 

Figure 2 is a graphic attempt to show the possible history 
of these faults. As stated above, the stresses which developed 
the folds were principally north-south and east-west. The re- 
sultant would be a compres- 
sive force in a northeast- 
southwest direction. Sucb a 
stress would naturally pro- 
duce a system of thrust 
faults at right angles to the 
force, as shown in Figure 2, 
a. After this stress was re- 
lieved through folding, fault- 
ing, and probably other causes, there would naturally be a sub- 
sidence of the fault blocks and 1 and 2 of Figure 2 could very 
easily drop together to the position shown in b. There may also 
have been differential movement between 1 and 2 which would 
only necessitate a greater thrust along the Madonna fault than 
that indicated in a. 

It is possible that another considerable fault extends from 
a point a short distance east of Garfield and near the creek to a 
point not far from the Columbus mill-site. The abrupt change 
in dip of the few outcrops along this line indicates either a sharp 
fold or a fault. Southeast of Garfleld near the extremity of 
the synclinal fold there has been mnch local faulting. The sud- 
den disappearance of the "parting quartzite" which, where ex- 
posed, can usually be readily seen with the underlying limestone, 
suggests bedding faults. At the head of Taylor Gnlch and in 
the vicinity of the Last Chance mine there has been much local 
faulting which cannot be represented on a small scale map. 
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The major part of the faulting probably accompaDied or 
i-losely followed tbe folding, but there have been some slight dia- 
placemeots since the ore was deposited. 



In some parts of the quartz montonite tbe blocks are of 
large dimensions, up to 15 or 20 feet across, bat all the other 
rocks are much jointed. Locally the jointing of the limestone 
presents considerable regularity, but in the main the joint-planea 
intersect at irregular angles. In those parts of the sedimentary 
rocks least affected by folding and faulting tbe joints are usually 
tight, and here also tbe mineralization is least. 

CAVES AND UNDERCBOUXD CHANSELS 

The formation of caves and development of subterranean 
draina^ are geneticaHy connecled with jointiag. folding, and 
faulting which formed fractures and thus Tacilitated the circula- 
tion of ground waters. Lime«*(one is taken into solution and re- 
moved by these waters with comparative ease. The caves thus 
formed are small in this district. The largest noted was cut in 
the Hhamrock mine at the limestone-granite contact and is about 
six or eight feet wide by 50 feet high. Another, perhaps somewhat 
smaller, was found in the same mine. Others may be seen at the 
creek level in Garfield. 

Just below the stone quarry west of Gai-field a large stream 
Issues from beneath the limestone south of the creek. This may 
or may not have direct connection with the creek higher up. A 
short distance south of Garfield a stream emerges from beneath 
a mass of granite talus and doubtless has flowed some distance 
through the limestone. At Monarch a short branch of the creek 
has its visible source in an excellent spring which furnishes the 
Tillage with water for domestic use and could adequately supply 
a town many times larger, A somewhat smaller stream issues 
from the limestone half a mile east of Garfield. This is probably 
the exit of tbe underground channel which drains the bencb-like 
area three-fourths of a mile south of the spring. This area is 
nearly flat for a considerable extent as may be seen from the 
topographic map (PI. I). Morainal ninterial forms a barrier 
along the north side except at the northeast comer where there 
is a small ravine presumably an outlet for storm waters only. 



Digitized byGOO'^le 



GEOLOGS OF THE MONARCH MINING DISTRICT 29 

Daring the field Beason no water was running through this outlet 
although there was an abundance of melting anow above. 

Underground streams, perhaps in fault-planes, are indicated 
in the upper part of Taylor Gulch and below a depression head- 
ing toward Tajlor Mountain where there is little or no surface 
drainage during the season of melting snow. 

IGNEOUS INTRUSION 

The occurrence of diorite and syenite dikes in the pre-Caro- 
brian granite has been mentioned. Subsequent to the principal 
folding of the region and at an undetermined geological time the 
large mass of quartz monzonitc described above was forced up- 
ward through the sedimentary rocks now exposed, and extended 
into the granite on each side of the synclinal fold. The longer 
axis of this stock extends diagonally across the syncline. 

Whether magma from this mass reached the surface above 
the once overlying sediments as an effusive rock or whether it 
was intruded as a plutonic rock and has since been uncovered by 
erosion, is not known. Nor has the form of the mass been de- 
termined. Indications on the east slope of Mount Aetna point 
to a westward dip of the west contact. The existence of the 
several dikes of granite on the east slope of Taylor Mountain 
sDggestB the extension of the stock at depths to a considerable 
distance east of its boundary at the surface. That the stock 
divided the syncline is clearly shown by the occurrence of meta- 
morphosed sediments on the east slope of Mount Aetna and north 
of Clover Menu tain. 

Later, both the sedimentary rocks and existent igneous rocks 
were cut by porphyry dikes which trend, for the most part, in a 
general northeast direction. The focus of this activity appears 
to have been about where Aetna now stands. Near the east 
border of the quartz monzonite the dikes dip westward or are 
nearly vertical, 

Od the east slope of Aetna and on Glover Mountain and 
northward, the quartz monzonite porphyry, near its border, en- 
closes portions of pegmatite and sedimentary rocks, which range 
from microscopic fragments to masses scores of feet across. The 
breccia in the vicinity of the Mason mine perhaps represents one 
phase of this vulcanism. 

Contact metamorphism. — The effects of metamorphic agen- 
cies are shown in the sedimentary rocks to a distance of perhaps 
a quarter of a mile from the quartz monzonite stock. Shales have 
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been baked almost to porceDaiiite, sandetone has been changed 
to fiuartzite, and it is probable that some marble was formed 
through the agency of heat from the quartz mODzonite. But the 
fact that the best marble and largest quantity occurs near the 
porphyry dikes, indicates that the porphyry has been more effect- 
ive in transforming the limestone than has the quartz monzonite. 

Epidote, garnet, magnetite, and feldspar have been developed 
in considerable quantity and asbestos, wollastonite, diopside, 
titanite, and zircon in less amount. Perhaps all the ores on the 
west side of Taylor Gulch and a small amount of others are con- 
tact- metamorphic deposits. 

The subject of contact metamorphism in this field will be 
taken up more fully in a later report. 
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ECONOMIC GEOLOOY 

CHARACTER OF THE ORES 

Nearly all the ores of the region are basic ores, and all that 
are now being mined are shipped directly to the smeltera. More 
or leBS silica from the alteration of chert is present in the ores 
wliich occur in limestone, and quartz in small amount is present 
in some of the contact deposits. Zinc silicate occurs in small 
quantity. Aside from the lime which is intimately associated 
with some of the ores in variable amount, there is generally more 
than enough iron to satisfy the silica present. The "excess iron" 
commands a price dependent on the demand for basic ores. By 
excess iron is meant the quantity present after deducting suf- 
ficient, as shown by assays, to satisfy the silica content. Man- 
ganese in oxide form in the Clinton and Bainbow-Eagle Bird 
mines increases the value of the ore by lessening the treatment 
charges. 

There are no mills in the district. Formerly the ore of the 
Columbus mine was concentrated in the company's mill which 
was sold and removed after the mine was shut down. 

Hitherto the greater part of the product of the district has 
been oxidiwd ore, chiefly si Ivor- bearing lead carbonate, in which 
bunches of sulphide have been found at any depth. In some 
cases solid galena occurs within a few feet of the surface. On 
Monarch Hill galena is the only sulphide in considerable quan- 
tity present in the ore bodies now being mined. In Taylor and 
Columbus gulches sulphides of iron, copper, lead, and zinc occur. 

Monarch Hill produces mainly ores of lead, silver, gold, and 
zinc, with some copper in the Mndonna and Eclipse mines. The 
ores of Taylor Gulch are of copper, silver, gold, and lead. A 
promising discovery of zinc ore has been made on the New York 
claim but no shipments have been made at the time of writing. 
Columbus Quich has produced silver, gold, copper, and lead. 

During the period of greatest activity there were no zinc 
smelters in Colorado, and much zinc ore was left in the mines. 
Part of this is now being taken out. The silver of much of the 
silver-zinc and silver-lead-zinc ores was recovered by mixing these 
ores with lead and silver-lead ores and at the same time keeping 
the zinc content below the limit fixed by the smelters. 
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8ince 80 few records of tonnage and values have been kept, 
it is impoBsibte to determine accurately the average value of the 
ores. An estimate of the average value based on data in hand 
from a number of mines wonld be about (20 to {26 per ton for 
the ores of Monarch Hill and considerably higher for those of 
Taylor Onlch. Most of the shipping ores carry a value between 
18.00 and f30.00 a ton. The Madonna ores have averaged {24.20 
per ton. (Bee p. 47.) The copper ores of the Lilly mine average 
about 10 per c^it in copper. Ore worth {7.00 a ton can be mined 
at a profit under present conditions. 

The range in value is very great. One carload from the 
Fairplay mine carried 130.76 oz. silver per ton, 39.96 per cent 
Bine and 10.05 per cent lead, by smelter returns. The beet car 
from the Little Charm mine returned from the smelter .48 oz. 
gold and 226.2 oz. silver per ton, 24.5 per cent lead, 7.65 per cent 
zinc and .16 per cent copper. A sample from a narrow streak 
below the fifth level of the Madonna, assayed in the Survey lab- 
oratory, yielded 16 per cent lead, .60 oz. gold and 816.26 oz. silver 
per ton. 

The moisture content ranges from 6 to 20 per cent. The 
greater part of the ores carries between 10 and 14 per cent mois- 
ture. 

MINERALOGY OF THE ORES 

In describing the minerals it is intended to mention only 
those characters which the minerals of this region possess. The 
iron and manganese minerals are included in this list because 
they add to the value of the ore. For the convenience of miners 
and prospectors in the district who may not have at hand a text- 
book of mineralogy, the metallic content of the pure mineral is 
given for each variety. 

COFPKB MINEBALS 

AzuTite, basic cupric carbonate 2CuC0j.Cu{0H)i, copper 
65.3 per cent. This mineral occurs as a blue coating on surfaces 
of jointed limestone and disseminated in the mineralized lime- 
atone near the copper ore bodies. It is also present in massive 
form associated with malachite. 

Chalcocite, cuprous sulphide, CUjS, copper 79.8 per cent. 
Good chalcocite was seen by the writer only in the Hercules 
tunnel where it fills a narrow fissure in the quartz monzonite. 
It is nearly black, and friable. 
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Chalcopyrite, copper-iron sulphide, CuPeSj, copper 34.5 per 
cent. It occurs In the lower workings of the Lilly and probably 
in the ColumbuB. It is bra^-yellow and massive. 

ChrysocoUa, copper silicate with water, Cu8iO,.2HjO, copper 
36.1 per cent. This is found as a sky-blue mineral coating the 
walls of small cavities io the Lilly mine and filling narrow fls- 
Bnres in the other copper ores. Chryaocolla of good quality is 
sometimes used as a gem. 

Copper, native, Cu. Native copper has been reported from 
the Columbus mine. 

Copper-hearing pyrite, sulphide of iron with a variable 
amount of copper, FeS^. It is found in the Lilly mine in bunches 
surrounded by oxide of iron derived from it. It is massive and 
brass-yellow, sometimes shows purple tarnish. 

Gitprite, cuprous oxide, Cu,0, copper 88.8 per cent. This 
is present in the Lilly mine both as a soft red mineral intimately 
associated with iron oxide, and as purer harder mineral in the 
upper workings. 

Malachite, basic cupric carbonate, CuCOj.Cu(OH)j, copper 
67.54 per cent. This green carbonate is present in nearly all 
the mines which have produced copper, particularly the Lilly 
and the Madonna. It is found in considerable quantity asso- 
ciated with other oxidized copper minerals and disseminated 
through the limestone as a replacement, in sufficient quantity to 
make payable ore. 

Tenorite, Tnelaconite, cupric oxide CuO, copper 79.8 per cent. 
Black earthy melaconite occurs in the Lilly and Shamrock mines 
associated with other copper minerals. It is very impure from 
the admixture of other substances. 



No gold minerals have been reported from the district, but 
the smelter returns from most of the ores now being shipped show 
.02 to .50 oz. gold per ton and in some of the contact deposits 
the gold content is many times greater. Since the ores are 
largely oxidized and no tellurium has been reported', it is in- 
ferred that the gold is present in the native state. 

'Since th[8 pnper was written, tellurluir. has been reported [rom Mndonna, 
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Hematite, ferric oxide, Fe^Oj, iron 70 per cent. Hematite 
was not seen asgociated n-ith the ores, but much black specular 
hematite is present on a dump a few ^ards south of the Ingersoll. 
A lai^ part of the mineral is practically pure. 

Limonite, ferric oxide with water, 2FejO,.3H,0, iron 59.8 per 
cent. Brown limonite and, to a less extent, the yellow ocherous 
variety occur in nearly every ore-body discovered. Sluch of it 
carries a small quantity of silver. Very large bodief) of limonite 
are present in the Madonna mine. 

Magnetite, a compound of ferrous oxide and ferric oxide 
PeO-FCjO,, iron 72.4 per cent. This mineral was not seen by the 
writer in any of the ore deposits, but it is present as a contact 
mineral on the southeast slope of Taylor Mountain, and forms a 
vein two or three feet wide just east of Boss I^ake. 

Pyrite, iron disulphide FeSj, iron 46.6 per cent. Both as 
crystals and in the massive form pyrite is found in the Lilly and 
Oarfield, in snialler quantity in the Madonna, and jierhapa in 
other mines. Its rarity on Monarch Hill is explained by the fact 
that nearly all the ore mined conies from the zone where tlie 
pyrite has been oxidized to limonite. 

Turgitc, hydrous ferric oxide, 2FejOi.H20, iron 06.2 per cent. 
Bed, earthy turgite occurs with limonite in the Madonna mine 
below No. 5 level. 

U:AD MINEnAI.S 

Aiiylinilv. lead sulphate, PbSO^, lead 68.3 per cent. In the 
summer of 1909 Mr. Thomas Penrose found in the Little Wonder 
mine a small group of anglciiite crystals near the renter of a 
mass of galena weighing several hundred pounds. These had a 
dull surface due perhaps to the formation of carbonate, but with- 
in, the mineral was pure water-clear auglesite. The largest 
crystal was neari,v two inches long. 

Ceiiissitc, lead carbonate, I'bCO,, lead 77.5 per cent. This 
mineral, in the form of soft carbonate with an admixture of 
limonite and carrying silver, has been ]»rodnced in far greater 
quantity than any other in the district. Hard carbonate occui's 
in but few mines. Crystallized cernssite was noted by the writer 
only in small amount on a few specimens of galena from which 
it is derived. 

Galena, lead sulphide, PbS, lead 80.0 per cent. Coarsely 
crystallized galena is present in practically all the mines which 
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produce lead. In nearly every case It is surrounded by lead car- 
bonate. Most of tbe galena is silver-bearing. 

Mimetite, a double Bait of lead arsenate and lead chloride, 
3Pb,ABjO,.PbClj, lead 69.5 per cent. Mimetite occurs in small 
quantity in the Lilly mine and on one of the Jewell claims, as a 
yellow to green earthy mineral intimately associated with limon- 
ite and insoluble material. 

Wulfenite, lead molybdate, FbMoO,, lead 56.4 per cent. This 
mineral was not seen in any of tbe mines, but a specimen found 
on tbe Hawkeye dump contained many yellow tabular crystals 
of wulfenite coating galena. It has also been found in the Ma- 
donna mine. 

HANGANESB MINERALS 

PsilomeUme, perhaps H,MnO„ manganese nearly 40 per cent, 
occurs as a black massive mineral carrying considerable lime 
carbonate and iron in the Kainbow-Eagle Bird, and posBtbty other 
mines. 

Pyroluaite, manganese dioxide, MnO„ manganese about 79 
per cent. Pyrolusite in earthy form is found with psilomelane in 
the Baiobow-Eagle Bird and possibly without psilomelane in the 
Delaware mine. 

SILVBB MINERALS 

The best silver oi-ea of the district were mined many years 
ago and good specimens are now very scarce. Although native 
silver probably occurs in the oxidized ores, halogen salts of silver 
were common in those of highest grade. Chlorides and bromides 
appear to have been present in considerable amount. A few 
small pieces of green silver mineral picked from the dump of the 
Little Charm closely resembled silver iodide, but the specimens 
were lost before an analysis could be made. Silver sulphide has 
been reported from the Bong Bird mine, and stephanite from the 
Little Wonder, 

ZINC MINEEtALS 

Calamine, hydrous zinc silicate, HiZnjSiO,, zinc 54.2 per 
cent. Calamine in small tabular crystals occurs in narrow veins 
in the smitbsonite. A part of the massive zinc mineral with 
which the crystals are associated may also be calamine. 

Smithsonite, zinc carbonate, ZnCO,, zinc 52.2 per cent. This 
is the most common zinc mineral which the district is now pro 
dncing. It occurs as a hard, massive, dark gray mineral, as a 
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Bofter }-«ltowish to brownish mineral, and as Bmall crystals in 
vnga and narrow veina. 

Sphalerite, or zinc blende, zinc sulphide, ZnS, ainc 67 per 
cent. CryBtala of sphalerite with galena occur in the Columbus 
mine and the massive mineral is found on the New York claim, 
associated with garnet. 

' GANOUB MINERALS 

CaUHte. "gpar", calcium carbonate, CaCO,. Coarsely crystal- 
lized calcite is common at the border of ore bodies, and is con- 
sidered a favorable indication when encoqntered in prospecting. 
It is in some cases slightly mineralized, carrying small amounts 
of galena, pyrite. or silver mineral. Calcite is also present in 
considerable amount in many of the prospects in which no ore 
has been found. 

Z>o/o»t((c, carbonate of calcium and magnesium, (Ca,Mg}CO». 
Brown, coarsely crystallized dolomite is associated with tbe ore 
in the Rainbow-Eagle Bird. 

Quartz, silica, SiO:- Quartz in large amount is associated 
with the ores in the fissure veins in the quartz monzonite. It 
also occurs in small amount with some of tbe contact deposits. 

TYPES OF ORE DEPOSITS 
Since there are inte^g^ad.^tion9 no attempt is made here to 
name tlie types in the order of importance. Tbose which have 
come under obsen'ation are: 

1. Replacement deposits in limestone. 

2. Filling in fnult-flssures in limestone and quartzite with 
more or leas replacement of the wall rock. 

3. Contact deposits in the sedimentary rocks not far from 
the intrusive rocks, 

4. Deposits at the contact between basic syenite dikes and 
granite. This type has yielded but little ore, 

5. Fissure veins in the quartz monzonite and at the erup- 
tive contact with the sedimentary rocks. 

EBPI-ACEMENT DEPOSITS IX I.IMESTO.VE 

Excepting those ore bodies in the fault-fissures on Monarch 
Hill and possibly the Lilly ores in part, all the known deposits 
in the lowest limestone near the contact with the preCambrian 
granite, are of the replacement type. Also most of those above 
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the "parting quartzite" on Monarch Hill are replacement de- 
posits. 

In the largest bodies the ore lies in practically continuous 
shoots which follow the dip of the sedimentary rocks downward, 
bat in most cases bear either to the right or left of the dip. This 
divergence from direction of dip is but few degrees in every in- 
stance noted except in the Lilly mine. Here where the contact 
is nearly vertical the longest shoot pitches north about 20°. As 
a rule, the ore bodies near the granite either lie on the granite or 
are separated from it by but a few feet of limestone, departing 
from the contact perhaps 20 or 30 feet in rare instances. 

Cross- sect ions of the shoots are sometimes circular but much 
oftener are elliptical with the longer axis parallel to the strike 
of the strata. Most of the shoots do not have a constant width 
and thickness, but pinch and swell. The swells may be lenticu- 
lar or irregular in form, and connected by a workable body of 
pay ore or by an iron-stained joint- or bedding-plane in the lime- 
stone. Nearly all the shoots show smaller dimensions in the 
lower workings than nearer the surface, but it is not known that 
any have completely failed at the greatest depth reached. 

Other replacement deposits occur in bunches or pockets 
which may be roughly tabular, lenticular, or wholly irregular in 
form, but the longest diameter is generally parallel to the bed- 
ding of the limestone. Some of these in their relation to the en- 
closing rock closely resemble the flats of the zinc and lead ores 
of the Upper Mississippi Valley, but are highly inclined or nearly 
vertical conformable to the beds in which they lie. As in the 
longer and generally larger shoots, a series of these bunches may 
be connected by an iron-stained joint- or beddiug-plane. In some 
oases a seam of gouge connects two or more ore bodies, and here 
it is difiScult to distinguish between the replacement type and 
those deposits along faults and shear zones. 

In alt cases of these replacement deposits it is assumed that 
there has been a metasomatic interchange between the calcium 
carbonate of the limestone and the metallic salt in solution in 
the circulating ground water. In most cases the ope gradually 
grows leaner toward the periphery with increasing limestone con- 
tent, and not infrequently passes into disseminated ore near the 
outer limit of mineralization. The wall is merely the boundary 
of the ore which can be profitably mined. 
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The largest ore bodies wbich have yet been opened in tbe 
diatrict are of this type, as for example those of the Madonna 
and the Eclipse. While there haa been much local fanlting in 
the vicinity of the Lilly mine it is not definitely known that the 
Lilly ore bodies lie in fault-fissures. If they do the fault most 
be parallel to the bedding of the limestone. 

There ia alao in this type much replacement of the wall rock, 
and the ore is in shoots as in the replacement type deacribed. 
The essential difference between the two types lies in the prob- 
ably greater aize of the ore bodies deposited in the fissures, be- 
cause of more favorable conditions for the circulation of mineral 
solutions, 

CONTACT DEPOSITS IN THE SEDIMENTARY ROCKS 

Although the ore of this type occurs largely in bunches in 
80 far as it haa been mined, it haa yielded some of the highest 
values of the district. Silver, aa cliloride and sulphide, ia the 
most important metal thus far produced by these deposits which 
have alao contributed the best gold ore of the region, in addition 
to some lead and copper. Good zinc ore — sphalerite and amitb- 
sonite with a little calamine — h.iB been discovered on the New 
Yorit claim, but no shipments have been made. 

This type in most cases replaces limestone, dolomite or shale 
not far from the porphyry dikes. It is probable that much of 
the ore on the west side of Taylor Gulch owes its origin to the 
quartz monzonite toward the west. The sphalerite on the New 
York is associated with garnet, practically proving its contact- 
metamorphic origin although perhaps several hundred feet from 
any known intmaion. 

In some cases these ores are in immediate contact with the 
porphyry, but replacing the sedimentary rocks rather than the 
porphyry. Like the replacement ores described above, they grade 
into the enclosing rock; there are no well defined walls. 

Examples of contact deposits in addition to those mentioned 
above are found in the Mountain Chief, Rainbow-Eagle Bird, 
Major, Shamrock and probably part of the Lilly ores. 

BTENlTE-GRANrTB CONTACT DEPOSITS 

Examples of this type are found in the Missouri Boy and 
perhaps on the Bay State and Independence claims. The under- 
ground workings of these claims were inaccessible in 1909. 
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FISSURE VEINS IN QUARTZ MONZONITE 

At least three fissure veins outcrop on the slopes of Taylor 
Mountain and Mount Aetna, and the ores of the Columbus and 
Brighton mines have been furnished b; these veins. Several 
shallow prospect pits have been sunk on fissure veins in Hoffman 
Park and on the east slope of Aetna, These veins can be readily 
followed on the surface because of the depressions which they 
occupy. Moreover, gossan is common. 

In a shallow prospect on the east slope of Aetna the limonite 
in a westward dipping vein ranges from a thin seam up to a foot 
n width. A specimen taken here yielded on assay $7.20 per ton 
n gold, but no thorough sampling of the vein was undertaken. 
At the surface the vein dips west 35°. Neither the Brighton nor 
the Columbus ore bodies could be examined in 1909 but a brief 
description of the Columbus mine is quoted on page 67 of this 
report. 

TERMS USED TO DESCRIBE ORE SHOOTS 
Although ore is found in bunches or pockets in a number of 
mines, the typical occurrence of the largest bodies is in shoots 
which dip at a fairly 



aniform angle 
ward the north and 
northwest. 

The terms used in 
the descriptions of 
these shoots will be 
those employed by 
Lindgren and Ran- 
aoi^e in their de- 
fc'icriptions of the 
Cripple Creek ore 
BhootB', with but one 
change. The terms 
width, thickness, 
stope length, pitch 
length, and pitch 
will be used. "The 
stope length is the 
distance along the 
drifts over which payable ore extends; tbe pitch length, or axial 

t DlatrEct, Colorado. Pro- 




suit condition! 
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len^, as it mi^t also be termed, la the distance between the 
two extreme ends of the shoot ; the pitch is the angle which the 
pitch length makes with the horizontal". Width will be under- 
stood as the horizontal distance from wall to wall at right angles 
to the pitch length just as it is used b; the authors quoted. The 
distance across the shoot at right angles to the pitch length and 
width will be called the thickness. In the Lilly mine and in a few 
other instances the width is less than the thickness, but ordinarily 
the width is the greater; in some cases the two are equal. In 
many mines the stope length ia identical with the width. Figure 
3 will make clear the relations of the terms used. 

AGE OF THE ORES 

The contact deposits may have been formed at two different 
periods. Ore was certainly deposited after the intmaion of the 
porphyry and probably repreaents the last stage of this period 
of mlcanism. Bome contact depoaita were probably formed im- 
mediately after the intmsion of the quartz monzouite and pre- 
vious to the porphyry intrusions. 

Until mining developments are carried deeper all that can 
be said of the age of the ores of Monarch Hill, the Lilly mine, and 
a few others, is that they were deposited after the folding and 
principal faulting of the sedimentary rocks in which they lie. 
The few fractures and faults seen in the ore bodies are too slight 
to have been caused by the folding and faulting noted on pages 
23-28. Knowing that Mr. Eilers had had opportunities, which 
do not now exist, to observe the relation of the largest deposits 
to the faulting, the writer asked him several questions, and re- 
ceived the following definite statements: 

"The ore in the Madonna was all deposited, without the 
slightest donbt, subsequent to the faulting and folding. 

"The ore showed no crushing or breaking in any part of the 
mine. 

"There was never found any evidence of more than one period 
of ore deposition, which was subsequent to the faulting and prior 
to oxidation, 

"The principal ore body in the Madonna down to the fourth 
level, was in the big fault itself, but small branches went out 
for some distance to the southwest and northeast into the lime- 
stone strata, generally following the planes of stratification to 
the southwest, and being very irregular in the broken ground to 
the northeast of the fault. 
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"The ore bodies themselves were never faulted anywhere in 
the mine," 

GENESIS OF THE ORES 

There is little doubt that the ores of the known contact de- 
posits in the sedimentary rocks were deposited from solutions 
emanating lai^ely from the porphyry, but probably in part from 
the quartz monzonite. This conclusion is based primarily on the 
relation of the ores to the intruded porphyry, and their associa- 
tion with minerals of contact-metamorphic origin, such as garnet. 

By far the greater part of the known ores of the district are 
replacements and fault-flssure-fillings, removed a considerable 
distance from an eruptive contact. Conclusive evideuce of their 
origin is lacking. However, facts mentioned below lead to the 
inference that the ores have been deposited from ascending solu- 
tions which may have had their source in the quartz monzonite 
toward the northwest. Meteoric waters, highly heated by the 
intrusive rock, may have had a part in dissolving the metals and 
carrying them upward. 

Although sulphides of copper, iron, lead, and zinc are pres- 
ent in other deposits, they are common minerals in ores which 
have been deposited from ascending hot solutions. The presence 
of gold and cousiderabte silver in the Monarch ores indicates a 
deep-seated source. The ore minerals of Monarch Hill are very 
similar to the minerals of the contact deposits, a fact which sug- 
gests a similar or common source. 

While the general northward to northwestward pitch of the 
ore shoots is in large part due to the structure, it also indicates 
that the mineral-bearing solutions flowed in a common direction. 
This direction might possibly have been toward the northwest 
on Monarch Hill, but there is no conclusive evidence that under- 
ground waters would take this course at the time of ore deposi- 
tion, and previous to erosion. Any considerable downward move- 
ment of ground water toward the north iu the Lilly and Clinton 
mines, at a time when the intrusive rocks were probably still at 
a high temperature, would be anomalous. Hence the inference 
is tliat the mineral-bearing solutions moved upward and south- 
eastward. The solutions which reached Monarch Hill may have 
followed bedding planes in the rocks, but it is more probable that 
they passed along the fault-plane which extends southward from 
Boss Lake. 
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So far aa is known, the base metals were almost entirely 
deposited as Bolphides. Probable exceptions are the mimetite 
and wulfenite both of which occur in amatl quantity. Some dis- 
tance above the "parting quartzite" is a stratum of fossiliferons 
limestone which emits a bitomenous odor when broken. This 
stratum and other fossiliferons strata may have furnished suf- 
ficient hydrogen sulphide to precipitate all the base metals as 
sulphides from solutions made alkaline by the dissolved lime- 
stone. Or, ascending solutions may have carried the metaU in 
the salpbide form, while a combination of causes may have 
brought about their precipitation. Among these, supersaturation 
due to decrease in temperature and pressure, and increased alka- 
linity due to the limestone, would be important factors. What- 
ever may have been the primary cause of precipitation tbe lime- 
stone has certainly exerted an important influence. 

PRACTICAL INFERENCES AND SUGGESTIONS 
There is a limit to the depth at which metallic minerals are 
likely to be precipitated from solution, and the tliickuess of rock 
that has been removed by erosion since the Mouarch ores were 
deposited, cannot be determined from observed facts. Neverthe- 
less, a number of features noted in connection with the ore 
bodies, when considered witb rcfoi'ence to the general structure, 
justify the statement that, in the faulted ground in the south- 
western part of the field, ore elioots may be ex|)ot'led to extend 
considerably below the level of ground waltr and possibly to the 
bottom of the synclinal fold. While the gold and silver values 
may grow less with increasing depth, recent developments in the 
Madonna point to a possible inciensp in the valne for a short 
distance at least. 

It is also probable that a greater or lews decree of minerali- 
zation extends along the axis of the fold from the southwest 
down to the point at which mineral-bearing solutions entered 
the syncline. Uncertainty as to the precipilating njients pre- 
vents an unqualified prediction, but along this line the lime- 
stone may be expected to be considerably broken and hence fa- 
vorable to ore deposition. It is probable that comparatively 
deep prospecting will be required to dotorniine the pi-esence or 
absence of ore along Ihe fault-plane toward Boss T^ake. Should 
ore be found at the bottom of the syncline it might be confidently 
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looked for toward the north where the fault-plane passes through 
the limestone. 

Other ore shoots between the granite and "parting qaartzite" 
on Monarch Hill and in Taylor Oulch will probably continue to 
a depth dependent on the degree of fracturing of the limestone. 

Although large contact deposits have been mined in a num- 
ber of districts, in general this type tends to be bunchy. In re- 
gard to the persistence of the contact deposits of the Monarch 
district, only one thing is known, namely, that the contact itself 
goes down. Of contact deposits Lindgren' says : 

Although cases may be easily conceived fa which the deposits would 
continue in depth and length for several ttiousand feet It Is far more 
common to find them Irregular and spotted In their mineralization, so 
that while there 1b no genetic reason why they ahould not be continuous 
to the greatest depth attainable by mining they will aa a matter of fact 
often give out when least expected. Owing to the Irregular surface of 
contact the flndlng of the continuation of lost ore bodies Is often very 
difficult. Slight changes of composition and texture of the rocks in- 
fluence their susceptibility to contact metamorphiBm to a very surprising 
degree. Few mines on contact deposits have been worked at a greater 
depth than a few hundred feet. Oxidizing surface waters may greatly 
enrich contact depoiits of poor grade by the development of oxidized 
ores; this especially refers to copper deposits although such oxidized 
ores rarely extend downward more than a few hundred feet at most 
and this only In very dry climates. 

Nevertheless, indications at tlie surface and in the shallow 
workings of the mines of the Monarch district in which contact 
deposits are found, fully justify a moderate outlay in develop- 
ment work. 

Aside from known ore bodies, the possibilities of discovery 
In the district are not exhausted. Although blind leads have 
not been encountered, and may never be found in the region, 
there are a number of places, where talus or glacial material 
overlies the bed-rock, that should be prospected. Wherever fault- 
ing or extreme folding may be present in the limestone below 
and immediately above the quartzite or in the vicinity of por- 
phyry dikes, there is a possibility of finding ore. The fold (or 
possible fault) southwestward from the Clinton mine would ap- 
pear to be a favorable locatiou. (See Fig. 1.) A shaft through 
the glacial debris into the limestone, and a few crosscuts in addi- 
tion, would cost a comparatively small amount. Although there 

> Mlnlne, 1 
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may be no ore here, the structural features and the position be- 
tween the Lilly and Clinton ore bodies offer encouragement. 

DESCRIPTION OF MINES 

Manj of the mines which formerly were producers have been 
idle for a number of years. The ore bodies and atopes of these 
were inaccessible during the summer of 1909 because of their 
caved condition or bad air, or both. This statement also applies 
to the earlier workings of all the large mines operating at the 
present time. Because of the heavy rains which shortened the 
field season the mines of Middle Fork were not visited, and hence 
must be omitted from the present description. 

A few mines have been worked through vertical shafts, a 
number through inclines, but by far the greatest part of the ore 
mined has been hauled out through tunnels. 

The ground water level has probably not yet been reached 
in any of the mines, except on Taylor Mountain, and it is said 
that there has never been a pump in the district. Surface water 
from the melting snow which continues late into the summer is 
in many cases a detriment in that it gives to the ore of the more 
open ground a high moisture content. 

No timbering is required in many cases where the tunnels 
pass through barren rock, but the walls are not self-supporting 
adjacent to the ore bodies. Here square sets are generally used 
both in the drifts and in the larger stopes. A few of the smaller 
stopes are stulled but many of the larger ones are several sets 
high and many sets wide. 

For convenience the mines will be considered in groups of 
the following localities: Monarch Hill, Taylor Gulch, Cree 
Gamp, and Columbus and Kangaroo gulches with Hoffman Park. 

MINES OF MONARCH HILL 

The mines on Monarch Hill which were producing ore in 
the summer of 1909 are the Madonna, Silent Friend-Fairvlew, 
Wilson, Little Wonder and Great Monarch. Of these only the 
Madonna was shipping daily. Late in the year the Eclipse was 
leased by the Giant-Eclipse Mining Company, and shipping from 
this mine began in December. 

Madonna mine. — Soon after the discovery of the Madonna 
mine by Smith and Gray it was sold to a company of New York 
and Iowa men who erected a small smelter at the foot of the 
hill for the purpose of smelting the ores from their mine. Be- 
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cause of the lack of siliceous ores that were needed to flux the 
basic Madonna ores, io addition to the high cost of colie which 
bad to be hauled twenty miles by wagon, the smelter was not a 
success. The ore which the Madonna was then producing was 
of too low grade to pay for the necessarily long haul to the rail- 
way at Maysville, and consequently the output was compara- 
tively small before the mine was purchased by Mr. Eilers and 
his associates in 1883. From that time, the mine was worked 
under the management of Mr. Eilers, by the Colorado Smelting 
Company which included the former operators. 

From 1883 to ISffi production was continuous. Since 1894 
the mine has been closed for short intervals, but ore has been 
produced every year. Various leasers have operated the mine 
for nearly flfteen years. Since 1908 it has been operated by the 
Monarch- Ma donna Mining Company under the management of 
Mr. K. E. Burton. 

Mr. Eilers bns kindly prepared a table taken from the books 
of tlie Colorado Smelting Company, and showing the output of 
the Madonna by years. On page 47 this table is given with 
modifications. Short tons are substituted for pounds given in 
Mr. Eilers' table, and gross values take the place of net proceeds. 
The percentage of lead and zinc, and the ounces per ton of gold 
and silver are based on net weight, that is, tbe gross weight less 
moisture. The average commercial value in New York, for each 
year is given for silver, lead, copjier, and zinc. The coinage 
value of gold is given. 

The Madonna has been worked through six adits (Nos. 
to 5, PI. V). The vertical distance from the surface above Zero 
level to the bottom of a winze sunk 250 feet below No. 5 level, 
is 1,070 feet. A seventh adit (No. 6), 450 feet below No. 5, has 
been driven about 1,500 feet to the limestoue-granite contact 
where ore was recently encountered. During the summer of 1909 
ore was shipi(ed daily from No. 4 and No. 5 levels, part of which 
was hoisted through the winze below No. 5. At the time of writ- 
ing spvcral carloads hnvp been taken from No. 0. 

The mine is equipped with electric lights, electric hoist, and 
an electric drill which is used only in development work. The 
ore from the higher levels is lowered to the railroad over a 
gravity tramway. It is proposed to build a spur from the rail- 
road to the portal of No. 6 tunnel. 

The largest shoot of the Madonna mine lies in and near the 
Madonna fault-flssure. but other payable ore bodies occur be- 
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tween this and the Mayflower fault. Many branches exteod from 
the main Bhoot into the limestone on each side. These branches 
are said to follow the stratification planes on the southwest, but 
they are more irregular iu the broken ground on the northeast 
side. Plate VI shows the broken character of the rock by the 
position of detached masses of quartzite surronnded by ore, and 
also the size and position of the largest ore body. 

The main shoot kept its course in the fault-fissure down to 
Xo. 4 level at a nearly constant distance above the granite, but 
on No. 6 level it was nearer the granite. Below this point it ex- 
tends out into the limestone toward the northeast and divide 
into several branches. The stope on the 150-foot level (below Ko. 
5) was 45 feet high and 40 feet wide when visited. This is not 
far below the quartzite. Only one branch of the ore body bad 
been opened on the level at the bottom of the winze, and was 
about 6 feet thick by 25 feet wide. The ore grades into the lime- 
stone without well defined waifs, and is limonite and lead car- 
bonate with some galena, all of which carry values in gold and 
silver. At the lowest point reached a small amount of pyrite was 
enclosed by limonite. 

The zinc produced in 1909 came largely from No. 4. No zinc 
ore has been found below No, B. The ore, which runs 30 to 42 
j>er cent in carload lots, is in the form of carbonate and silicate. 
It is comparatively soft, and most of it can be broken with picks. 
The zinc ore which is on the foot-wall of the main shoot, extends 
upward several hundred feet. Zinc minerals on the highest 
dumps indicate that the ore may extend nearly to the surface. 
The largest stope in this ore is 11 sets (61 feet) wide by 13 sets 
long. It holds this size upward four or five sets, but grows 
smaller above. 

In addition to the zinc the main shoot carries lead and silver, 
but not much gold on No. 4 level. The stope is 20 to 60 feet wide 
by 170 feet long, A lens nearly parallel to the largest shoot, 
which may be a branch, carries .04 to .25 oz. gold and 5 to 6 oz. 
silver per ton, and 2 per cent lead on No. 4. The ore increases 
in value downward. Ore on the level at the bottom of the winze 
below No. 5, averages .43 oz. gold and 31 oz. silver per ton, and 
30 per cent lead. The quantity of iron decreases with depth. 

Some distance northeast of the largest ore body on No. 5, 
near the Mayflower fault, a copper ore shoot was encountered. 
The ore is immediately above the granite in the limestone which 
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has nn unusually high dip at this point. The shoot is 3 to C feet 
thick by 60 to 70 feet wide and about 150 feet long. 

The ore bodies on the highest levels are now inaccessible, 
but plates VI and VII show their size and relationships. 

In August, 1909, No. 6 tunnel had been driven to a point a 
few feet below the quartzite where a considerable body of coarsely 
crystallized calcite was encountered. This calcite showed con- 
siderable pyrite and carried a small amount of silver, but no pay- 
able ore had then been found. 

Recently an ore shoot 12 feet thick was cut on this level a 
short distance southwest of the breast of the tunnel. The width 
has not been determined but a drift 60 feet long is in ore all the 
way. The ore lies on the granite at the contact which has a very 
high dip. Six carloads have been shipped at the time of writing. 
The first four averaged .51 oz. gold and 28.40 oz. silver per ton. 
Bince the hade of the Madonna fault is unknown it is im- 
possible to state its exact position at this level. But it is prob- 
able that this ore body is not far from the fault, and is hence 
nearly in line with the main shoot. If this ore body proves to he 
continuous with the main shoot, by taking a vertical depth of 
1.520 feet and a pitch of 35° a pitch length of 2,650 feet is ob- 
tained from the surface above Zero to No. 6. 

Silent Friend and Fairvicto minea. — Next to the Madonna 
the Silent Friend has had a greater production than any other 
mine in the district with the possible exception of the Eclipse. 
The Silent Friend and the Fairview have not been worked on a 
large scale for several years and we were unable to see the largest 
stopes. Mr. J. F. Bundbye, who is leasing these mines, has shipped 
a few carloads of ore within the past year. In August. ISO!), he 
was driving an upraise from the Fairview tunnel in a vertical 
vein about two feet thick. Over half the ore in this upraise was 
galena, the remainder was lead carbonate and iron oxide. I am 
indebted to Mr. D. V. Hamilton, former superintendent of these 
mines, for the brief notes which follow. 

The Silent Friend ore shoot dips about 45° N. 34° W. and 
was worked continuously through a vertical range of nearly 700 
feet. This gives a pitch length of nearly 1,000 feet. The shoot 
was 15 to 50 feet thick and was square set throughout the entire 
distance through which it was worked. The shoot, following a 
somewhat spiral course, was in part close to the granite but ran 
out into the limestone 40 to 60 feet in places. It was thinnest 
when dipping toward the granite. The best ore was galena which 
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carried 20 oz. silver per ton and about 70 per cent lead. When 
the ore was near the granite it carried a Bniall quantity of gold. 

Hawkeye mine. — This mine is a recent producer and although 
idle at present all the workings except the winzes may be readily 
examined. The noain tunnel was driven about S, 45'' E. 550 feet 
in granite to the limestone-granite contact and thence along the 
contact 300 feet, bearing 8. 20° to 25° W, the greater part of the 
distance. Along the contact the granite forms the hanging wall, 
the plane of contact dipping northwestward 40° to 60°. Near 
the breast of the tunnel an ore shoot was encountered which has 
been woriied upward nearly 200 feet along the pitch and also 
Kme distance below the tunnel level. The ore body removed 
would average perhaps 6 to 8 feet each way in croaa-section. 
Granite forms the banging wall which dips northwesterly 
25" to 40°. 

Five hundred seventy feet from the tunnel entrance a cross- 
cut was driven through the limestone to the east limb of the 
aynclinal fold where it cut an ore shoot lying on the granite foot- 
wall which dips northwestward 28° to 40°. A winze has been 
Bunk a short distance and the ore has been stoped out above the 
tunnel level for 166 feet along the pitch. The ore body was 
largest a short distance above the tunnel level with a maximum 
width of 66 feet. The stulls here are 4 to 9 feet long with an 
average of perhaps 6 feet. Through the last 70 feet of the stope 
the stulls will average about 7 feet in length, while the stope is 
about 10 feet wide. The ore pinches to 4 or 5 feet in width at 
the extreme upper end. 

When considered with reference to the ore bodies of the dis- 
trict as a whole, this increase in size with increasing depth is 
encouraging even though it may be local. Had this shoot been 
worked from higher levels by underneath stoping and by timid 
operators, in all probability it would have been abandoned at 
about 160 feet or more above the level of the Hawkeye tunnel. 
In this connection it is significant that previous to the discovery 
of ore in Madonna No. 6 tunnel, the greatest depth reached on 
any ore shoot immediately overlying the granite was in the 
Hawkeye. 

The mine is equipped with electric lights and electric hoist 
and fan. 

Eclipse mine. — Although but a small part of the lower work- 
ings of the Eclipse was accessible in 1909 a good idea of the geo- 
logical conditions may be had from examination of the hori- 
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zontal and vertical plans (Plates VIII and IX), The ore is 
found in two distinct shoots — one lying on the granite, the other 
juBt below the quartzite. The granite shoot extends below the 
fourth level while the quartzite shoot was lost several hundred 
feet above. At this point a thrust fault hading S. 58" W. brings 
the ore up against the end of the quartzite stratum which forms 
the footwall on the northeast. In this fault-fissure the ore was 
galena with lead carbonate. Several pieces of solid galena four 
to five inches in diameter may still be seen. A few feet below in 
tbe same stratigrapbic position is a large body of limouite re- 
ported to carry a small amount of silver and gold but of too low 
grade for shipping. No effort has been made to determine whether 
or not the ore body continues below the quartzite northeast of 
the fault. 

It is not clear whether tbe faulting at this point occurred 
before or after the ore deposition. Indications point to the 
former, but the evidence noted was insufficient to justify a con- 
clusion. A short distance southeastward higher up in tbe stope, 
grooves on the hanging wall indicate that the faulting has been 
at least in part comparatively recent. 

Mr. J. L. Farrell, former superintendent for the Company, 
gives tbe following information concerning tbe mine. Tbe quartz- 
ite shoot, discovered at the surface, was cut successively by Nos. 
1, 2, and 3 levels. On No. 2 level there were 110 square sets 
(4x5 ft.) on the sill floor in the quartzite shoot, and the size of 
the ore body remained practically the same up to No, 1, The 
shoot grew narrower below No, 2 where it formed a stull stope 
5 to 12 feet thick from No. 2 to No. 2 intermediate. Below this 
the ore was somewhat bunchy. The granite sboot was cut suc- 
cessively by levels Nos, 2, 3, and 4. The thickest part of this 
shoot was encountered on No. 3 level where it was about 25 feet 
thick by 80 feet wide. Both shoots bear slightly to the right of 
the dip as they descend. 

The bulk of the ores shipped carried their chief values in 
lead and silver. Before 1893 the shipments carried 25 to 50 per 
cent lead, but later, ore was shipped which carried only 5 per 
cent lead. About half the lead content was in the carbonate 
form, the remainder was sulphide. In general, the higher the 
lead content, the greater were the silver values. The highest 
silver returns in a carload lot were 28 oz. per ton. The silver 
averaged about 8 oz. per ton. The ore shipped since 1893 has 
carried a small amount of gold. 
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A conBJderable body of zinc carbonate aod zinc silicate was 
found above the silver-lead ores in the granite shoot from No. 2 
intermediate to No. 4 level. This ore carried silver values and 
was sometimes mixed with the lead ores in such proportion that 
the zinc content was kept below tbe 10 per cent limit fixed by 
the smelter. Excepting a few cars shipped recently the zinc ore 
was never sold as such by the company, but in 1905-6 the I'aul 
brothers, who were working the mine under lease, shipped con- 
siderable zinc ore. A small amount of copper ore occurs in the 
granite shoot also, but no zinc or copper was found in the 
quartzite shoot. 

Recently this mine has been leased by the Giant-Eclipse 
Mining Company, the old levels and stopes are being cleaned out 
and several carloads of ore have been shipped. There is a lai^e 
amount of low grade zinc ore in sight. 

No record of tonnage or gross values has been preserved by 
the Eclipse Company. But Mr. W. K. Spinney has kindly given 
the figures for the net receipts (gross value less freight and treat- 
ment charges) by years from 1887 to 1907, and Mr. Clyde H. Jay 
of the leasing Company, has furnished the smelter settlement 
sheets from December, 1909 to February 7, 1910. Some ore is 
reported to have been shipped before the mine was purchased by 
the company but no records are available. The net receipts since 
the purchase in 1887 have been f581.811.Td. 

Fairplay mine. — This mine was located in 1878 by the Boone 
brothers and is reported to have shipped a considerable tonnage 
in the eighties. No figures are available for that period. Since 
the present owners have operated it the production has been 728 
tons with a gross value of $14,974.00. It has been oloKed since 
1908 and hence was not examined in the present survey. 

Great Monarch mine. — The Great Monarch vein outcropped 
in a conspicuous fissure in a limestone cliff, and has been devel- 
oped through a shaft and adit to a depth of perhaps 200 feet. 
Mr. Thomas Penrose states that the shoot was 8 to 10 feet wide 
for the first 30 feet, but narrowed to 2 inches for the next 60 feet- 
Below the adit level a winze was sunk 60 feet on the shool which 
remained rather narrow but did not pinch out. The oi-p was 
galena and lead carbonate carrying about 200 oz. silver per ton. 
Within the past few years several carloads of zinc ore have been 
ship])ed from near the surface. 
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A tunnel has been driven some 1,200 feet just above the 
creek level on this property, but has not yet cut any payable ore 
bodies. 

Little Charm mine. — This mine is on the same lead as the 
Great Monarch and has been worked partly through the dis- 
covery shaft and partly through the Great Monarch adit. The 
ores of this mine were similar to those of the Great Monarch but 
ran somewhat higher in silver. According to Mr. Penrose both 
silver chloride and atepbanite were present. 

The Little Charm claims the record for high grade ore in a 
carload lot (10 tons). Mr. J. Scott Boyd, General Manager of 
the Monarch Pool Mining Co., gives the following as the smelter 
returns from this car: 0.48 oz, gold and 226.2 oz, silver per ton, 
2.45 per cent lead, 7.6B per cent zinc and O.IB per cent copper. 

Little Wonder mme.— This mine has produced several car- 
loads of ore from near the surface bnt the ores are pockety like 
those of other mines which have not yet been developed below 
the quartzite. In 1909 several tons of galena were taken from a 
pocket within 20 feet of the surface. 

Wilson mine. — This mine has been developed through two 
tunnels on the Wilson and Kuter claims. In the summer of 1909 
leasers were shipping from the lower tunnel a few carloads of 
zinc-lead ore which had been left on the hanging wall when the 
mine was formerly producing. The total thickness of the vein, 
where seen, was five to six feet. All but about two feet from the 
upper part had been removed several years ago. 

Evening Star mine. — The Evening Star ore shoot was dis- 
covered on the Little Chief claim from which it was worked 
through an inclined shaft sunk on the ore body. The Evening 
Star tunnel, driven later, along the contact, crossed the old work- 
ings about 70 feet above the end of the incline, but no ore has 
been taken from the tunnel. At the tunnel level the ore body 
wag nearly two feet thick with a stope length of 12 or 13 feet. 
A little galena, in rotten granite, can be seen on the foot wall. 
Below this point the shoot is reported to narrow north and south 
and thicken at right angles to this direction. 

It is possible to descend 120 feet or more from the collar 
of the incline at the present time. As a rule the ore lay close 
to the granite, but in the limestone. Some galena and limonite 
can still be seen in the liniCBtone walls as a replacement. At 120 
feet below the surface the stope length is 50 feet or more. The 
thickness is much greater than that at the tunnel level below. 
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Mr. William Miller, one of tbe owners, states that low grade 
zinc ores extended from 10 to 130 feet below the surface bnt not 
at greater depth. He reports a total output of 600 tons which 
averaged (20.00 a ton. The principal values were in silver and 
lead ; two cars yielded 90 cents a ton in gold. 

Delaicare mine. — This mine was also woi^ed through an in- 
clined shaft which is now caved. Mr. Miller reports output and 
values approximately the same as those of the Evening Star. At 
tbe bottom of the shaft oxide of mangaDese was encountered, but 
carried no values. 

Black Tiger mine. — This mine is reported to have produced 
8 or 10 carloads of lead-silver ore in 1881. Judging from the 
workings, which were in part accessible in 1909, the main shoot 
was 3 or 4 feet thick at the tunnel level and had a stope length 
of 9 feet. Tbe ore lay in limestone about 3 feet from the granite. 
The croppings show quartz and a little iron stain and galena. 

Other mtnes.— The April Pool, Ben Bolt, Elkington, Pay- 
master, and Oshkoeh have produced more or less ore, but all were 
idle in August, 1909, and the ore bodies were inaccessible. Sev- 
eral of these have had an output greater than a few that have 
been briefly described. 

The Ingersoll mine south of Garfield is reported to have pro- 
duced a carload of ore. Several tons of ore, galena with some 
iron oxide, lay in the shaft house in 1909. 

The Thirty-Six-Thirty mine southeast of the Ingersoll is re- 
ported to have produced considerable ore many years ago. Much 
prospecting has been done in the vicinity, but no other pay ore 
has been found. 

MINES OP TAYLOR OULCH 

The Lilly is the only mine in Taylor Gulch which has been 
producing steadily for a number of years. In the summer of 
1909 a few small shipments of high grade ore were made from the 
Rainbow-Eagle Bird, At the time of our visit to the Last Chance 
mine several tons of ore were sacked and shipments have since 
been reported. The Jewell Tunnel & Mining Company in August, 
1909, resumed work in the Jewell tunnel which is being driven 
to develop that part of the field west of the gulch. 

Lilly mine. — This mine, which is owned by the Taylor Moun- 
tain Mining Company, is now worked through a tunnel. 2.531) 
feet long. A few hundred feet from tbe breast a winze has been 
sunk 200 feet or more. The tunnel begins just west of tbe "part- 
ing quartzite", crosscuts the sedimentary beds to the granite 
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contact, nnd continues north in the limestone but a few feet from 
the granite. For nearly the entire distance along tbe contact 
the tunnel follows a Btreak of limonite connecting several 
bunches and shoots of ore which have a maximum width of 8 or 
10 feet on the tunnel level. The thiulineBB is much greater. The 
best ore bodies on this level are of copper, but workable silver- 
lead and silver-iron ores have been encountered (PI. XI). The 
lat^est stope on the tunnel level is 35 feet high by 100 feet long. 
Several stringers lead out into the limestone but have never been 
followed. A few bunches of ore have been stoped out on the first 
and second levels below the main tunnel. Foreman Frank 
Hunter reports the ore on the first level to have carried about 
10 per cent copper and 3 to 6 oz. silver per ton. In a letter dated 
Feb. 24th, Superintendent Geo. H. Purmort states that develop- 
ments between the 100- and 200-foot levels show .that the shoot 
dips farther out into the limestone and that sulphides are pres- 
ent carrying about IS per cent copper, 6 to 40 oz. silver and fl.OO 
to 13.50 gold. 

From the surface down to the 230foot level most of the ore 
taken from the mine was hoisted through the discovery shaft. 
At present considerable ore is being taken from this level which 
is now connected with the main tunnel 138 feet below. Large 
bodies of ore are reported in the old upper workings but cannot 
be recovered because of bad ground and rotten timbers. 

The ores are chiefly carbonates and oxides with some chrys- 
ocolla and considerable sulphide. The sulphides, which are chal- 
copyrite and copper-bearing pyrite have been found below the 
tunnel level and in smaller quantity nearer tbe surface. They 
are found associated with oxidized ores. Much of the chr^'socolla 
is verj' pure but is usually in thin seams. In at least one in- 
stance it occurs as a coating an inch thick or more on the walls 
of a small cave or fissure in the limestone. The copper ores are 
partly in limonite gangue, partly disseminated through limonite 
which also curries silver. About half the ore carries a small 
amount of gold. 

Through the courtesy of President W. F. Norway we are able 
to give the following figures from the smelter settlement sheets 
showing the output of the mine from March 17, lOOfi. to .Innu- 
ary 18, 1910; 

Output, 4,991.65 tons. 

Copper, 757,163 lbs. wet assay. 

Silver, 17,743.13 oz. 
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Lead, 4,637 lbs. 

Gold, 67.44 oz. 

GroBB value, fl03,lll^. 

Average value per ton, f20.66. 

OatpBt from 1888 to Jan. 18, 1910 : 

Total tons produced, 8,827.15. 

OroBs value, fl73,898.71. 

Average value per ton, |19.70. 

About two-tbirdB of the oie lias carried an average of 10 per 
cent copper. The remaining one-third was silver ore which car- 
ried very little copper. Until the end of 1907 the ore carried 30 
to 40 per cent excess iron. In 1909 the mine produced 1,832 tons 
with a gross value of (26,121.31. This is the lai^est oatput for 
an; one year in the history of the mine. 

As a rule quartzite lies against the granite wall wherever ore 
occurs and varies in thickness from a few inches to perhaps six 
feet. It may be continuous but there are no crosscuts to it from 
the tunnel where ore is not found. A narrow porphyry dike 
follows the contact more or less continuously, sometimes in the 
limestone, sometimes in the granite. The limestone is consider- 
ably broken, movement having taken place in practically every 
direction as shown by the slickensiding. 

The mine is equipped with motor, compressor to operate the 
machine drills, an electric fan for ventilation, electric lights, and 
at the shaft an electric hoist. The ore la carried by gravity over 
an aerial tramway 7,174 feet long to the railroad at Qarfleld. 

Eainbow-Eagle Bird mine. — Although very little work haB 
been done on this property it is reported to have produced about 
115,000-worth of ore. It is worked through two short tunnels 
near the surface. The ore occurs in a brown, ferriferous, crystal- 
line dolomite overlying the "parting quartzite" and within 8 to 
30 feet of an overlying porphyry dike or sheet which dips west- 
ward. It is a contact deposit replacing the dolomite. The best 
ore body seen by the writer was 18 inches to 2 feet thick in a vein 
parallel to the bedding of the sedimentary rocks. Mineralization 
has extended a foot or more into the enclosing rock on each side 
of the good ore. Two samples of the dolomite taken from tbe 
dump and assayed in tbe laboratory of the State Survey carried 
4.25 oz. silver and a trace. 

Although lead is present in considerable quantity the chief 
values of the ore are in gold and silver. The lead occurs largely 
as galena. Some of the best silver values are carried by a streak 
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of manganese oxides wbich extends Ihroughout the length of 
the tunnel, 8 to 30 feet below the porphyry dike. The principal 
manganese mineral is psilomelane. Some quartz is present as a 
gangae mineral. 

Very high values are reportetl from this mine and a few 
samples assayed by Mr. Butters, gave the following results : 

1. Highly manganiferous ore, silver 169.75 oz. per ton. 

2. Galena with a little carbonate; lead 61 per cent, gold 
0.29 oz., silver 3.50 oz. per ton. 

■3. Quartz with galena and lead carbonate: gold 1.81 oz.. 
silver 16.75 oz. per ton. It is probable that these results are con- 
siderably below the average. The ore is somewhat pockety, and 
the mine was visited at an unfortunate time for the examination 
of the largest bodies. 

Two shafts on the Eagle Bird claim north of the breast of 
the tunnels have opened a body of silver-manganese ore which 
has not proved sufficiently valuable to mine under present condi- 
tions. A sample taken from the dumps yielded on assay 7.60 oz. 
silver, 24.70 per cent manganese and 6.71 per cent iron; some 
silica and much lime carbonate were present. Two other samples 
which were not run for manganese assayed 1.75 oz. and 2.60 oz. 
■ silver. 

Mountain Chief and Pinyon mines. — The Mountain Chief was 
one of the earliest producers, and is reported to have yielded 
some of the highest grade ore of the district. It is stated that 
the first lot was packed on burros to Garfield, tbence hauled 73 
miles by wagon to Canon City, and shipped by rail from Canon 
City to the amelter at Omaha. Notwithstanding this heavy ex- 
pense it netted a large profit. Mr. E. Gimlet states that Mr. J. 
L. Emerson later shipped 20 tons from this property, wbich re- 
turned a gross value of flO,600. 

When visited last summer the shaft was half filled with ice, 
but the tunnel below could be entered. At about 60 feet from 
tbe entrance, the tunnel was filled with waste from a crosscut in 
a porphyry dike which overlay the ore. Mr. Gimlet, a former 
superintendent at this mine, states that the ore was in a pocket 
and mostly within 70 feet of the surface. Its thickness at the 
upper part was about two inches and at greater depth was three 
feet. This mine and the Pinyon are reported to have produced 
together tl50,000-worth of ore. 

The Pinyon, which joins the Mountain Chief, is said to have 
produced f22,000-worth of ore from one pocket which pinched 
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out. No further work has been done. This pocket was but a few 
feet thick, having its greatest diameter parallel to the strike of 
the enclosiog browD limestone. This limestone is a coarsely 
crystalline ferriferous rock similar in appearance to the dolomite 
of the Baiubow-Eagle Bird but carries little or no magnesia. 

Last Chance mine. — But little work has been done on this 
claim. When examined a tunnel had been driven about 100 feet 
and several tons of ore had been taken out. The large body of 
limonite (gossan) at the surface, the fracturing of the sedimen- 
tary rocks and evidence of faulting, all indicate the possible 
presence of a workable ore body. It is reported that a tunnel to 
develop this property, haa been started lower down on one of the 
Jewell claims. 

Bonnie Belle, Ben Hill, Fraction, Desdemona mines. — These 
mines, which are on one lead, produced some ore in the 80's and 
but little since. Only the Fraction, the least important of the 
group, could be examined in 1909. This was worked through a 
short tunnel and a winze about 50 feet deep. A vein three feet 
thick was found in a short drift toward the north. This vein is 
parallel to the bedding of the enclosing sedimentary rocks which 
dip 56° N. 75° W. A bedding fault is indicated by the slicken- 
sided banging wall. Tbia movement probably occurred after the' 
ore was deposited. I am indebted to Mr. Everett Anderson for 
tbe following notes on the other mines of this group. 

The Ben Hill shaft is 275 feet deep. Drifts were run north 
and south at 125, 175, and 225 feet from the surface. At the 
176-foot level a drift running northward 125 feet is the longest 
in tbe mine. At 30 feet from the shaft on this level 3 feet of 
galena was cut, which carried an average of 85 oz. silver per ton 
and 73 per cent lead. This ore was in the form of a shoot pitch- 
ing northward and extending upward practically to the 125-foot 
level. Carbonate ore occurred on the border and in some places 
graded into the galena. The average tenor of the carbonate was 
22 to 28 oz. silver per ton and 30 per cent lead. Between the 175- 
and 225-foot levels the ore was spotted. In the bottom of the 
shaft 7 feet of ore was struck which assayed 90 oz. silver per ton 
and 60 per cent lead. Water stopped the work here and a tunnel 
was driven to cut this lead about 400 feet below the bottom of 
the shaft, but at the time of writing this report no ore in payable 
quantity has been found in the tunnel. 

The Bonnie Belle shaft is down 146 feet. At 60 feet. 6 feet 
of galena similar to that in the Ben Hill was discovered. With 
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this was associated oside of iron wbich enclosed masses of galena. 
In places some carbonate of lead occurred with the galena. This 
ore was in the form of a northward pitching shoot having a slope 
length of 60 feet. The vertical distance covered by the ore in 
the shaft was 40 to 50 feet. 

The Desdeniona shaft is 118 feet deep. Drifts extend north 
and south at 60 and 100 feet from the snrface. The ore was 
largely galena in streaks and bunches with occasional large 
pockets of carbonate ore. 

The total output of these claims is not known, but the Ben 
Hill shaft has produced f 12,000-worth of ore. 

Ore seen on the dumps and platforms at these mines was 
galena with both bard and soft lead carbonate. At the Bonnie 
Belle there is considerable breccia having sedimentary fragments 
in a granite matrix, indicating the proximity of the ore to the 
granite. Granite dikes occur a short distance west. 

Shamtvck mine- — This mine has been worked through a tun- 
nel about 900 feet long from which extend several drifts, a few 
upraises and winzes. Considerable ore was hoisted through a 
shaft before the tunnel was driven. 

The limestone is much broken and apparently faulted- A 
porphyry dike having an easterly trend passes through the mine, 
and shows very abrupt changes in dip and strike. Mr. F. C. 
Watson, who is Icasinfr this mine, states that he took a carload 
of ore, carrying 1.58 oz. gold and a few ounces of silver per ton, 
from a pocket just above the porphyry. The greater part of the 
ore which has been found in the mine was in pockets. The tunnel 
follows a lead several hundred feet, but the vein exposed in the 
roof is less than three feet wide. 

The best ore found, lay near the porphyry and quartzite, and 
in the quartzite. Prospecting near the granite has not been 
profitable here. No ore was found in the caves mentioned on 
page 28. 

Major mine. — The Major mine is operated through two 
shafts, one of which is about 40 feet deep. The ore is a contact 
deposit replacing the limestone not far from a porphyry dike 
which is probably the same as the dike in the Shamrock. 

The ore seen by the writer lay below the dike in the lime- 
stone in a body about 5 feet thick, consisting of limonite. lead 
carbonate, and copper oxides and carbonate. This pocket had 
prodiicpfl at least one carload of ore (hat carried l* per cent 
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copper. Two carloads of copper ore are reported from the mine 
in addition to the copper of the lead-silver ores. 

Most of the ore from the Major and Shamrock carries values 
in gold, silver, lead, copper, and iron. The total output of the 
two mines is about 1,000 tons averaging 115.00 a too net. 

Garfield mine. — This mine was closed during the summer of 
1909 and the ore Iwdies were inaccessible. It has produced a 
small qnautity of sulphide ore. Considerable pyrite and a little 
galena were Been on the dump. From the creek east of Oarfield 
village a tunnel, through which it is proposed to work this prop- 
erty, has been driven over 2,200 feet along the limestone-granite 
contact, bnt the breast of the tunnel is still a considerable dis- 
tance from the known ore bodies. No workable ore was fonnd in 
the tunnel along the contact. However, a small amount of galena 
and zinc blende was discovered out in the limestone by cross- 
cutting. 

The tunnel is equipped with electric lights, fan and ma- 
chine drills. 

Alaska mine. — ^The Alaska was worked principall.v from 
1886 to 1888. In 1898 Harrington and Anderson shipped a little 
more than a carload from this mine. Mr. Anderson gives the 
following information : 

Portj-flve feet west of the granite a shaft was sunk 110 feet 
on an east-west streak of ore. In all, there are about 1,000 feet 
of drifts at 30, 60, and 100 feet below the surface. The ore was 
galena, hard carbonate, and oxidized iron. The carbonate ore 
occurred In a shoot about 10 to 18 inches thick, extending along 
the north-sonth drift 30 feet. The shoot pitched north about 
3 feet for each foot of vertical descent. A few tons shipped by 
Harrington and Anderson ran f37.00 in gold, 14 oz. silver, 18 per 
cent lead and 32 per cent iron. The west wall was limestone: 
the east wall was gouge material which extended to the granite. 
• The galena, which carried 20 to 25 oz. silver, 60 per cent lead 
and no gold, was found in pockets of oxidized iron above and 
below the carbonate shoot. The iron ore carried |7.flO to fll.OO 
in gold and about 10 oz. in silver per ton. 

Missouri Boy mine.— It is reported that about f3,000.00- 
worth of ore was shipped from this propert.v from shallow work- 
ings which are now caved. The deepest shaft, which is on the 
contact between a basic syenite dike and the pre-Gambrian gran- 
ite, is reporte<l to be 70 feet deep. The values are said to have 
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been in gold, silver, and lead. A few specimens on the dump show 
a little copper. 

Tn 1909 Mr. T. N. Hubbard was prospecting this contact on 
the Mocking Bird claim south of the Missouri Boy, At the time 
of our visit he had found a little galena and cemasite with some 
pyrite, bat no pay ore. 

Still farther south the Bay State and Independence tunnels 
have cut a dike similar to, and perhaps the same as that men- 
tioned above. Two or three tons of ore were tying on the plat- 
form at the upper tunnel which was caved when visited. The 
ore is galena and probably silver chloride in vein quarts. 

Other witnes.— Several claims in Taylor Gulch produced 
small amounts of ore in the early days. The Denver-Bainbow, 
Indianapolis, and Stem Winder have each produced a carload or 
more. The ore in these claims was found near the surface in 
pockets or narrow veins, and but little work has been done to 
determine the extent of mineralization. 

Prospects and developments in Taylor Qulch. — A shaft was 
sunk on the Excliequer claim to a considerable depth in mineral- 
ized limestone in what would appear to be favorable ground, but 
no payable ore was found. Material on the dump indicates that 
a considerable body of limonite is present. A porphyry dike was 
cut in the shaft, and is probably the same dike as that with 
which the ores of the Major and Shamrock are associated. 

The Jewell Tunnel & Mining Company holds a group of 
twenty-five claims on the west side of Taylor Gulch where sev- 
eral leads have been opened. For the most part the ore replaces 
beds of the sedimentary rocks which dip at a high angle toward 
the west. 

No shipments have yet been made by the company, but the 
group of claims includes several of the old small producers men- 
tioned above and also the Mountain Chief. A tunnel is being 
driven from near the head of Taylor Gulch to develop these hold- 
ings. Because of the high inclination of the strata and the 
depth of the tunnel level l)elow the surface, these developments 
will do much toward disclosing the extent of the ore bodies. Au 
electric machine drill has been purchased and will be installed 
when the tunnel is sufBciently advanced to allow the shooting of 
machine-drilled holes without damage to the plant. 
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MINES OF CBEE CAMP 

Song Bird mine. — Attentioa was flrat drawn to this part of 
the district by the discovery of rich silver ore in the Bong Bird 
in 1878. The deposit was in the limestone above the "parting 
qaartzite" id a zone of local faulting. Although the mine was a 
producer of good ore for a short time do figures are available aa 
to outpat. Considerable prospecting was done in the vicinity 
bat resnlts were generally ansatisfactory. 

CUnton mine. — The Clioton mine on the northwest slope of 
Uiesonri Hill was first opened in the early 80'b, but lay idle for 
a Dumber of years. During 1901 to 1904 it was operated, when, 
according to Mr. A. B. Brewington, it produced about fl2,000- 
worth of ore. The values were in silver, gold, copper, and lead. 
The manganese content was sufficiently high to secure a reduc- 
tion in treatment charges. 

The ore occurs in northward dipping shoots in the limestone 
6 or 8 feet from the granite. One shoot carried ore practically 
from the surface to a depth of 300 feet, below which it was not 
worked. The greatest width of this shoot was 8 or 9 feet but at 
this point it did not carry values high enough to pay for the 
necessarily long haul. Were the mine nearer the railroad it is 
probable that farther woi^ would have been done before now. 

MINES OF COLUMBUS GULCH AND VICINITY 

In the summer of 1909 there were sis men employed in de- 
velopment, and a few doing assessment work in this part of the 
district. No parable ore bodies were exposed at the time of our 
visit. 

Golden Age viinc. — A tunnel about 550 feet long in the 
quarts monzonite and a drift about 40 feet long constitute the 
developments of this property. The drift is on a shear zone 
which shows gouge and pyrite in the roof. Mineralization ex- 
tends through a width of about three feet. A small amount of 
galena was found in the breast of the tunnel in the country rock. 
Pyritization was frequently seen in the tunnel. 

This property has produced two carloads of ore. Accord- 
ing to Mr. Henry L. Acker, the better car netted $30.00 a ton 
after paying freight and treatment charges. 

Darling mine. — One carload of ore is reported from this 
property, from a shaft 26 feet deep which is now filled with ice. 
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Good galena was seeD on the platform. A tunnel is now being 
driven below to cut the ore body. 

Brighton mine. — This mine, which was once a producer, was 
worked through a shaft which 1b now nearly filled with water. 
The dump is nearly all vein qoartz stained with Hmonite. A small 
amount of galena and pyrite may be seen. 

Columbus mine. — This mine was worked through tunnels on 
several levels all of which are now caved except the lowest. Bad 
air in this one prevented an examination by the field party. The 
workings are, in the main, just east of the eruptive contact be- 
tween the qoartz monzonite and metamorphosed sedimentary 
rocks. Much vein quartz and a considerable quantity of sul- 
phides of iron, copper, lead, and zinc were seen. Water issuing 
from the tunnels carries in solution an appreciable amount of 
copper salts. The following is taken from the Report of E. 
Le Neve Foster, State Geologist :' 

The Columbus mine ia situated about 12,000 feet attove sea level on 
the Boutbem slope of Taylor Mountain. Its vorklngs conilet ot aliaftB 
and tunnels and develop a true fissure vein to a deptb of 300 feet, and 
Iiorlzonta1l7 ],100 feet. The outcropptngs of the vein ma; be clearly 
traced upon the surface for thts entire distance, with almost unbroken 
continuity, commencing at Its southern extremity In a deep depresiion 
In the side of tbe mountain, and following very crookedly a mean north- 
easterly course up an aacsot of 30°, where It is finally hidden under sur- 
face debris. • • • 

Tbe matrix ot the vein la quartz from wall to wall. The clay selvage 
usually accompanying the walls ot fissure veins is in this instance more 
often lacking, thou^ occasionally present, with a thickness of one- 
fourtb to two Inches. For the fi rat 200 feet of depth the quartz is Irregu- 
larly banded, composed In a great measure ot agKlomeratlons of coarse 
amorphous [xenomorphlc ?1 crystals, or Bpongy from the decomposition 
of pyrite, and deep brown In color from the presence ot much iron oxide. 
The whole width of the vein, from 6 to 20 feet, le productive ot good 
value in allver, which occurs as a sulpburet and contains also varying 
Quantities of gold. At tbe depth of 200 feet the vein material changes 
abruptly to a pure white quartz, containing large quantities of pyrite 
and spbalerlte Intimately assoclatisd. In very perfectly shaped cryBtals 
ot one-twentieth to one-halt Inch in diameter. Copper is also found; 
native, In spongy masses and as a thin coating of blue or green car- 
bonate, while silver Is less widely distributed through the thickness of the 
vein, being confined to certain localltira rich In Iron and zinc sulpbureta. 
These conditions remain constant In the lowest depths ot exploration. 
A spur or branch of the vein has Its apex In the granite [quartz mon- 
zonite] to Ibe west and Joins tbe main vein at a depth of 200 feet. Ita 
strike Is due north, and Ita dip about 70* to the east The vein material 
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bere Is productive ot email quaittiti«a ot silver, and codbIbU of a cmii- 
pact browniBb quartz. No Influence seems to be exerted upon the pro- 
ducUvenesB ol tbe vein by the Junction ot tbls spur, either In quantity 
or quality ot tbe ore. 

The mine was operated for Beveral years, the ores being con- 
centrated in a mill on Middle Fork. The mill has since been sold 
and removed, and the aerial tramway which connected it with 
the mine is no longer standing. The men who owned the mine 
when it was operating are now dead, and no record of the output 
is known to exist. Mr. W. K. Jewett, the present owner, writes : 
"Tradition says that its gross production during the period of 
its operation was approximately |300,000, the values being.mainly 
silver and copper," 

Alpha and Beta. — An output of 20 tons of silver-lead ore is 
reported from these two claims in Kangaroo Gulch. Tbe Mav- 
erick tunnel below, through which it is proposed to work these 
leads, has been driven 650 feet. 

Uncle Sam mine. — The Uncle Sam in Hoffman Park is re- 
ported to have been operated while Maysville was the terminus 
of the railroad. The workings are now inaccessible but it is 
probable that the ore was either in the quartz monzonite porphyry 
or at the contact between the porphyry and the quarts monzonite 
on the east. 

Prospects in Hoffman Parfc.^There are here a number of 
shallow shafts and several tunnels, but at the time of our visit 
only the Hercnles tunnel was being driven. This tunnel is in 
over 600 feet in the quarts monzonite. A narrow vein in a drift 
near the breast carries galena and cbalcocite with a small amount 
of chalcopyrite, 

LIMESTONE 

The Ohio &. Colorado Smelting & Refining Company owns a 
quarry at Garfield from which limestone is shipped daily to the 
company's smelter at Balida. The shipments for the twelve 
months closing July 31, 1909, were 978 cars of about 25 tons 
each. Seventeen men were employed almost continuously through 
the year, and the number whs increased in the summer. 

The Garfield quarry under lease to Mr. L. W. Hubbard was 
operated during part of the year. 1909. Ten men are employed 
when the quarry is working regularly. The limestone is shipped 
to the smelters at Leadville and Salida, and to the sugar factory 
at Rocky Ford. The limestone of these two quarries is crystal- 
Hoe and is almost pure calcium carbonate. 
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MARBLE 

Tbere is a large amount of marble in Taylor Qnlch and in 
the vicinity of Cree Camp, but it is not likely that it can be quar- 
ried under present conditions in competition with the large quar- 
ries of Colorado. A small quantity at the head of Taylor Qulch 
is blue, but most of the marble is pure white and very coarse in 
texture. In general the rock near the surface contains too many 
joints to make a satisfactory building stone. 

A quarry near the Exchequer shaft is reported to have fur- 
nished a small quantity of marble for the Colorado capitol. A 
number of tons have been quarried. The largest pieces seen on 
the dump were about six feet long. The marble is pure white and 
practically free from chert. 
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CHAPTER I. 
INTRODUCTION. 

ORGANIZATION. 

Tbe followiog pages are the result of six weeks of work in 
the field under the direction of the Department of Geology of the 
Colorado School of Mines during the summer of 1909. Most of 
the actual work in the field waa done by students of the class 
of 1910, with a view to preparing graduation theses. This is more 
particularly true of the topographic map that had to he made 
before the areal geology could be undertaken. The party waa in 
charge of the aenior author, Horace B. Patton, assisted by Charles 
E. Smith and G. Montague Butler. Besides the above mentioned 
members of the geological department, the party comprised the 
following eighteen students: J. Courtenay Ballagh, Kent P. 
Campbell, Paul H. Carpenter. Charles E, Dyer, Russell J. Farrar, 
Samuel A. Feldman, Ronald P. Fitz Gerald, George T. Geringer, 
Charles M. Glasgow, Howard J. Hilton, Ernest F. Jones, Dana 
W. Irfeke, Herbert B. Leah, Glover S. McKay, Harlow D. Phelps, 
Harrj- M. Showman, Henry (i. Skavlem, Otis W. Swainson. 

After the preliminary work of triangulation was completed 
the territory to be mapped, embracing a little over thirty square 
miles, was divided into eight sections, a section being assigned to 
each sqnad of two for the purpose of completing the topographic 
map and for studying nnd mapping the areal geologj-. The topo- 
graphic work, conducted under the direction of Mr. Smith, is 
described by him in chapter two. Mr. Smith bus also prepared 
chapter thi-ee, on the Spilinientary Rocks. Chapter six, on the 
Ore Deposits, has been written by Mr, Butler, who conducted his 
investigations with the aid of two of the student members of the 
party. Finally, a description of the Mines and Mining Processes, 
chapter seven, has been prepared by Mr. .Arthur J. Hoskin, Pro- 
fessor of Mining at the Colorado School of Mines, who joined the 
party for a short time for this purpose. To the senior author has 
fallen the task of the description of the .\rchaean, the igneous 
rocks and contact phenomena. 

LOCATION AND HISTORY. 

The area surveyed embraces about thirty square miles in the 
northern part of Costilla County, Colorado, lying due east of 
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UlatM'ii I'eiik, tlie highest iieak of the Kaugre de Cristo Range. 
The Snugi-e de Crinto Kange. which starts opp08ite Salida, runB 
a])pi'oximate]r south until it culminates in Ulanca Peak, which 
i-iscH to a height of ronBiderablj over 14,000 feet. At Blanca Peak 
tlie range ttuddenly turns to the northeast, and runs for some 
fifteen miles at a much lower level, turning again to the south- 
wiird at Sangi-e de Criulo paaa, and finally merging into the 
4'ulebra Kauge. The i-ounty line Itetwceu Costilla and Huerfano 
(-ouiities follows tliia lower portion of the 8angre de Oristo 
Range, itnd likewise forma the northern boundary of the mapped 
area. The southern, western and eastern houudaries have been 
taken somewhat arbitrarily, but so as to include the town of 
Russell, formerly called Placer, 

(Irayback Mountain, while not the highest peak of the dis- 
trict, is the most conspicuous one of the group as seen from the 
highway of travel along the l«i Veta-Russell road that has been 
built on the abandoned narrow-gjiuge rigiit-of-way »f the l)vnver 
and Kio (iraude Railroad. On the map prepared by the V. H. 
(ieologiral Kurvey in IHSil, and designated the Huerfano Park 
Klieet, this mouutain apiiears under the name of Iron Mountain, 
doubtless hceause of the iron mines on its western slope. The 
name (irayback, however, is the only name used by toral resi- 
dents. On this same sheet the name Orayback has been errone- 
ously assigned to a much higher peak lying several miles to the 
west of Placer Ci-eek. The namie <}raybai-k (iulch is applied by 
local i-esidents only to the gulrh that drains the west sloi>e of 
(irayback Mountain and empties into I'lacer t'l-eek from the east, 
as shown on our ma|>. and not to the gulch draining southeast- 
ward from the above mentioned misnamed Orayback Mountain 
as given on the Huerfano Park Sheet. These same errors are to 
be found in the atlas prepared by the Hayden Survey of tlie 
Territories, which doubtless accounts for their occurring on the 
Huerfano Park Sheet. 

The Trinchrra Estate. — The northern boundary of the (Iray- 
back district also forms part of the northern boundaiy of the 
so-called Trinchera Estate, within which this tract lies. This 
estate, embracing some 450,000 acres, is the northern half of what 
was formerly a much larger i)rivate estate, known legally as The 
Sangi-e de fristo (Irant. This was an old grant nmde by the 
Mexican (ioverunient in 1843 to Luis Lee and Xarcisso Beanbien. 
Lee, it apiH'ars. transferred his interest to Charles Beaubien, the 
father of his partner, who, through the death of his son and of 
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Ijfe at tlie haiid of IndinnR. a few years latei', came iuto possession 
of tlie entire grant. 

\\'lien tbi« territor.v was ceded b,v Mexico to the United 
States it was i)tii>ulated that this land grant should remain 
iutuct; accordingly congress, in 181)1, confiniied the grant and 
conveyed absolute title to the land, including mineral rights. 
Subnequentl.v the entii-e Sangre de Cristo Grant came into the 
possession of the late (iovernor (iilpin. Its honndarics were as 
follows: The southern boundary was the southern boundary of 
Colorado. The eastern and northeastern boundary was (hi* 
Cnlebra-Sangre de Cri»to Itange as far as Blanca Peak. From 
here the line followed a Bouthwestem course to tlie junction with 
llie Kio (irande del Xorte. From here it followed down the river 
to the state line. 

Uilpin divided this Grant into two sections by an east-west 
line at latitude 3~° I'S 4(1"; the northern being desigoated as the 
Triuchera Kstate. and the southern as the Costilla Grant. 

t'l.lMATB AND VEGKTATIOX. 

Owing to the moderate elevation of the Grayback district — 

between S,500 aud 11,-)*H* feet — tlie Bummer climate is mild and 

delightfully i-efrenliing and the winters not excessively cold. The 

precipitation in the iiioi-c mountainous portions is sufficient to 

' form small hut [lerinanent streams in several of the valleys. 

Most of the urea is covered with a heavy gi-owth of timber, 
especially on the northern slo{>es. Considerable portions are so 
thickly grown up with a second growth of young pine as to make 
it impossible to ride a horse through it. The timber consists of 
pine and spi-uce. with much aspen nod some balsam. Logging 
operations have l>een conducted extensively in the past, and most 
of the large pine trees have been cut. but as these occur only as 
Isolated tre*'s in the midst of a forest of other flrs the removal of 
timlK'r has had no appreciable effect on the forested area. 

The bottoms of the valleys iind gulches ai-e mostly ojien, as 
are also Ini-ge spaces on the upper slo[>ps, and furnish flno pas 
tiirage for cattle, umiiy head of which are annually pastured in 
this portion of th? Triuchera Estate. 

I'KBVIOIS WORK, 

Several brief notes bearing more or less directly on this 
region are commented on in succeeding chapters of this bulletin. 
In most cases they liear on the Kangre de Cristo range as a whole. 
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10 GEOLOGY OF THE GBAYUAL'K AIINIKG DISTRICT 

This is particularly true of what F. M. Endlich baa to eay in 
the Hayden Geological Survey of the Territories. In the report 
for 1873 (pages 323-334) he gives a general description of this 
range, confined mostly to the northern part. In the report for 
1875 (pages 108-122) the geoera} description is continued with 
additional reference to the southern part of the range. The 
carboniferous rocks along the Sangre de Cristo Creek from the 
pass of the same name westward to the crystalline schists are 
described under the name of the "Arkansas" sandstone, a few fos- 
sil forms are described and a vertical, but idealized section, from 
the pass westward is given. The igneous rocks of this district 
are referred to as trachyte. That portion of the Hayden Atlas, 
accompanying these reports, covering this limited area, is fairly 
accurate, except that the area covered by igneous rocks is too 
extensive and continuous. 



The writer wishes to express his great obligation to Mr. R. C. 
Hills for the loan of many rocks and thin-sections of rocks from 
his splendid collection made in connection with his study of the 
rocks of the Spanish Peaks Quadrangle and of the Walsenburg 
Quadrangle; to Mr. E. C. Van Diest, Manager of the Trinchera 
Estate; to the Denver & Rio Grande Railroad Co., for numerous 
courteries; and to many residents of Russell and vicinity for ■ 
valuable information given. Further acknowledgments will be 
found in subsequent chapters. 
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CHAPTER II. 



TOI'OGRAPHY. 

BY CHABLBS K. SMITH. 
DESCRIPTION. 

The section under discussion has a general aouthwesterlv 
drainage through the Sangre de Oristo Creek into the Trincheru 
Creek, thence into the Kio Grande River. Tributary to theSangre 
de Criato Creek, and cutting the section roughly north and south 
arc I'laeer Creek, Middle Creek, Orayback Creek and Mill Creek, 
with numerous smaller tributaries. 

Tliei-e is a strong relief, shown by differences of elevation 
between 8,415 feet at Russell and 11,4(19 feet on Stearna Moun- 
tain. 

The datum used was mean sea level, and the starting point 
was a bench mark near Russell Station, kindly furnished by 
the Denver and Rio Grande Railroad Company. 

The level notes connecting this bench mark with the Gray- 
back area follow, 
Elev. 

8271." Top rail opposite uiile post Xo. 217. 1). & R. G. B. R. 
S41a^2 B. M. Post in front of Russell Hotel. 
S440.22 B. M. Ktunip north of school house. 
8461.93 B. M. on timber of old culvert. 
8474,59 On top pipe in drill hole, placer prospect. 
8520.65 On rock west side of road. Marked ^M. 

8623.50 Center of spile at north end of old R. E. bridge, west 

of road. 
8577.09 Wooden stake west side of i-oad, % mile above placer. 
8599.34 Wooden stake in monnd of stones, east side of road 

above dredge, 

8018.51 Rock, northeast comer of bridge, near old thresbing 

engine. 
8671.30 Top of stake, sta. C of base line, on hill altove snnmill. 
8729.T4 Station B of base line. Bmall stake. 
8729.37 Rock 2C paces north of Sta. R of base line; top of rock 

marked by chisel "f," 
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A biiae line wtis laid out in an ojieo temtor,v fnmi wliich as 
larf^ a miiiil>et- of ])i'<>niment [inintti as |>oRnil>le-iiiiRht be neen. 
It was iiieaoui-vd and clieckcd b.v two different nquads. 

Tlie line of levels was earned ii)i to each jioint on the base 
linp, and a rough check nuide by calenlating these points b.v 
means of nieaxni'ed (liHtanceti and vertical angles. Hei-t> follow 
the base line field notes: 

fr'IBI.I) XIITES ON IIASE LINE. 



Sta. 


to Sta. 


Hor. Hist. 


Kiev. 


Remarks. 




A 




87if2.0.-. 


West end of base line. 


A 


It 


ll!tS.5« 


S730.II7 


Hast of Sta. A. 


B 


V 


134«;W 


8«71^17 


East of 8ta. B. 


C 


1) 


lfl7r>.K2 


S<[92.3!t 


East of Sta, <". 


D 


K 


14«it.!)S 


S87fi.ll2 


East of Sta. 1). 


1) 


K 


54.(15 


a*!83.02 


Kast end of base line. 



The total length of base line was ol(i4.74 feet. 
The Ijoaring, ns determined by a solar observation, was X. 
8(1° i:r E. 

[■RI.MARV TRIA.VOILATION. 

The )>ase line was used as a foundation for triangulating in 
the main |roints in view from it. and high points not visible from 
the base line were triangulated by means of points and lines 
ali-eady fletermined from the base line. 

This work was done with considerable care, two or more 
calculations l>eing made for each jMiint. and the average taken 
for the elevations of points. Angles were repeated and averaged 
which accounts for readings to seconds in the notes. Besides 
these pi-e cant ions, two or umi-e sipiads of students checked encli 
other on the results. 

Here follow the field notes with the calculali<ms for all the 
n.oi'c important points. All other points listed in the notes were 
carefully calculated, but it is not deemed necessary to present 
all tlie figures, as (liey wei-e temporary points taken for the pnr- 
I ose of holding the contours. 

Angles were uniformly read around to the right. 
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<'nl('iil)itiniis for "fiH," wliich was uswl ax a vantage |K>int 
from wliich to ti-iangiilate other nioiv iiii|iortant (loints. 
Side A-K, = 5110.7 Meanuivd. 

Angle K, A-OH 15° ••'i' 45" 

Angle A K, «K =- 12;!" 31' 15" 

Wide A-fiB fir.oH.S CHlciilati'd. 

Sid*- K.-fiK : L'))i»2.3Calcnlate4l. 

Klevation i-alculatcd from A ^. fl.t81'. 
I'ilevntioii ral<'ulah>d fi-oin K, ^- i);(S4'. 
Average of rah-nlations. IKIKI'. 
f'nIcuIatinnH for ••;(("," Mf. Sh-arnw. 
Side A.);» r--- (i55B.5 Cah-uliited. 

Angle GB-A-3C ^ ^K" '.itV 45" 
Angle A-«B-:t<' — 141" 21' 45" 
Side A-3C ^-- 2:t401.7 Calnilated. 

Side fin-3<' T=. 17»1!).4 Calinlated. 

Klevation calculated from A = 11403'. 
Klevation <'alfulated from (IB -- 11414'. 
Average of raleulationn, 1140!!'. 
'ak'nIationR for "R," I'olp on Cabin. S. alojie of iJravltaek Mt, 
Side A-V ^-- 2544.0 Measured. 

Angle C-AH ^^ 3(1° 57' 2(1" 
Angle A-C-fi =- ^ 142° 31' 00" 
Side A-(! ^ 13(122f.2 rahnlated. 

Side (Mi =-. 11514.5 Caicnlated. 

Klevation caltnlated from A -■: 101 SO'. 
Klevati«m calinlated from r -- l(llit2. 
Average of Calculations. 101S(;', 
Cnlculntionni for "(iA." (irayliack Mountain. 
Side A-C - 2544.!) MeaHiired. 

Angle <'-A-«A ^ 32° 37' 45" 
Angle A-(i-fiA ^- 141° 15' 4(1" 
Side C-(>A -- 12Si(3' Calculated. 

IClevatinn calculated fnnn (' - 10575'. 
CalcnIationH for Point "1." 
Wide A-(IB -= (5550.5 <'nlcn!iited. 

Angle (iB-A-1 - ^ (15° 23' 45" 
Angle A-tlB-l -= 24° 12' 20" 
Side Al --- 2088.3 Calculati^. 

Side OB-l ^= 5()ni.ti Calculated. 

Klevation of "1"' calculated from .\ ^^ S!>.54', 
Klevation of "1" calculated from OB S052. 
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Average of Calculatiooa, 8053'. 

Calculations for "3A," Park Mountain. 

gide AC = 2544.9 Measured. 

Angle C-A-3A = 57° 29' 

Angle A-C-3A = 111° 57' 

Side A-3A = 12871.7 Calculated. 

Side C-3A = 11702.2 Calculated. 

ElcTation calculated from A =^ 10393'. 

Elevation calculated from C = 10398'. 

Average of Calculations, 10396'. 

Calculations for "G-26." Buckskin Mountain. 

Side 3B-3C = 10C2.2. 

Side 3C-G26 = 7375.0. 

Side 3B.G26 = 8072.7. 

Elevation calculated from 3C =^ 10514'. 

Elevation calculated from 3B ^ 10509. 

Average of Calculations, 10512'. 

Calculations for "8," called Lone Tree Peak. 

Bide CK, -= 2565.8 Measured. 

Angle K,-C-8 = 49° 1' 15" 

Angle C-K,-8 = 118" 43' 15" 

Side C-8 = 10821.1 Calculated. 

Side K,-8 ~ 9315.5 Calculated. 

Elevation calculated from C = 9094'. 

Elevation calculated from K, ---= 9095. 

Average of Calculations, 9095'. 

Calculations for "24," Monument on Duniji Mt., 21 feet below 

highest point. 
Side 7-8 = 3015 Calculated. 

Angle 8-7-24 = 49= 35' 00" 
Angle 7-8-24 = 118° 40' 00" 
Side 7-24 ^ 14900 Calculated. 

Side 8-24 = 12941. 

Elevation calculated from "7" =^ 10291'. 
Elevation calculated from ''8" = 10286. 
Average of Calculations, 10289'. 



Many valleys and slopes are quite heavily wooded, and be- 
cause of this fact the triangulated points were of no use while 
in the timber. Happily, roads and trails traversed every portion 
of the territory, and along these roads traverses were ran, con- 
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nei-tiDg some known point on the laase line below to some triangu- 
lated point above. 

To all portions of the area these traverses were easily acces- 
sible, and proved very helpful in locating contours accurately. 
8ome of the traverses were run by transit and chain, others 
with transit; and stadia. 

After the preliminary work outlined above was completed 
the field was divided into eight parts, the parts given to squads 
of students (two in a squad) to contour. The topographic map 
represents their wotl. 
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CHAPTER III. 



ARCHAEAN GEOLOGY. 

BY HORACE B. PATTON. 

General Description.— \ little more than one quarter of the 
area repreaeated by the map is occupied by Archaean crystalline 
Bchistfl and gneisBes. The contact between this and the carbon- 
iferoQS rocks to the east is a slightly sinuous one, running about 
north -northeast and conforming approximately to the course of 
Placer Creek, there being no Carboniferous west of Placer Creek 
except at the extreme upper end. The dip of the contact with the 
Cariiouiferona is always steep or practically vertical, but is some- 
times westerly and sometimes easterly. 

The rocks are never extremely schistose. They are very 
feldspathic, and represent various types of gneiss, with occasional 
lenses of hornblendic rocks or irregular pegmatite veins. 

None of these gneisses are greatly folded or contorted. They 
fluctuate considerably in both strike and dip, but in general may 
be said to have a northerly to northeasterly strike and a steep 
dip fluctuating from east to west. 

Granite Qncisa. — Gneisses of this character vary from very 
coarse- to comparatively fine-grained rocks. They very often have 
a reddish or even a dark brownish red color. They are inclined to 
be very poor in mica. In fact, muscovite was not observed at all, 
and biotite also may be practically wanting. They are made up 
mainly or almost entirely of feldspar. Quartz is usually present 
in considerable quantities, but never equals the feldspar. Of the 
feldspars orthoclase is the most abundant. Microcline is never' 
lacking, and may equal the orthoclase in some specimens. Plagio- 
clase may frequently be observed, but in quite subordinate 
amounts. Magnetite is often present in considerable quantities 
and in comparatiyely coarse grains. It may readily be picked 
out by a magnet from the pulverized rock. 

In structure these granite gneisses do not ordinarily show 
any marked scbistosity. In the hand-specimen they could readily 
be mistaken for granites. Under the microscope in thin-section 
they invariably show considerable crushing of the ingredients. 
These granite gneisses occur in all parts of the territory surveyed, 
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but appear to be most extensively developed in the northern por- 
tion of the arcbaean area. 

Biotite Oneias. — Sometimes alternating with beds of granite 
gneiss and eometimes forming extensive masses are to be foand 
other gneisses that have a varying but large amount of biotite. 
With the biotite may be associated some dark green hornblende, 
or perhaps chlorite and epidote. Here again magnetite in coarse 
grains is very abundant. These biotite or biotite-hornblende 
gneisses have usually a banded or bedded structure, in that beds 
of varying composition and from one to ten feet in thickness, 
alternate with each other. 

Eom^lende Schist and AmphiboUte. — These rocks occur 
rather sparingly in the form of lens-like masses, conforming in 
strike and dip approximately to the adjacent gneisses. They ai-e 
rarely more than fifty or one hundred feet wide. 

Most of these hornblende rocks show a distinct schistosity, 
owing to the parallel arrangement of the constituents. A few, 
however, are massive ampbibolites. The hornblende usually 
makes about one-half of the entire rock. Its color is dark green 
in the thin-section and almost black iu the rock. With it are 
associated varying amounts of quartz, plagioclase and ortboclase. 
Accessory apatite, titanite and occasionally magnetite also occur. 
Microcline was not observed. Of the feldspars a basic plagioclase 
is the most abundant. Quartz may be entirely wanting, or, again, 
it may compose as much as one-quarter of the rock mass. In 
one case biotite formed a considerable part, but was lacking in all 
others examined. 

Pegmatites. — A number of coarse-grained pegmatite ma^es 
fifty to one hundred feet wide and several hundred feet long were 
observed. They occur mostly in connection with the granite 
gneisses of the northern part. As they resist the weather better 
than do the gneisses they form more or less conspicuous outcrops. 
They consist of microcline and quartz in very coarsely granular 
aggregates or in the form of "graphic granite." A very little 
plagioclase was observed in one instance. 
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CHAPTER IV. 



SEDIMEXTARY ROCKS— CARBONIFEROUS. 
(By Charles E. Smith.) 

The sedimentarj' rocks described below and shown by their 
fossil contents to belong to the carboniferous are very well ex- 
posed in the Grayback District, They consist of a very complex 
series of alternating grits, sandstoneB, shales and limestones, and 
have a total thickness of over three thousand feet. 

As a rule the sandstones and grits are barren except now 
and then a plant fragment. A calcite cement is most common, 
sometimes in excess, so that a thin lamina of limestone is fonnd 
interbedded with the sandstone. 

The limestones vary from impure shaly to compact blue 
beds, all of them fossiliferous, with the fossils in a fairly good 
state of preservation. 

In the notes which follow it will be seen that, while fossils 
are generally distributed throughout the whole series, six especial 
zones are emphasized because of the predominance of some par- 
ticular form of life contained. 

In order, they are as follows : 

The coral bed. 

The fioral bed. 

The seminula bed. 

The productns bed. 

The aviculopecten bed. 

The gastropod bed. 

The writer is under special obligation to Prof. Junius Hen- 
derson of the State University of Colorado for his painstaking 
work in identifying the lai^r portion of the fossils collected and 
for his valuable suggestions as to correlations ; also to Dr. Geo. 
H. Girty and Dr. David White, both of the United States Geo- 
logical Survey. Some of the material, especially the corals and 
gastropods, was submitted to Dr. Girty and the flora was sent 
to Dr. White. 

With no knowledge of the field notes on lithological char- 
acters Prof. Henderson tabulated the faunas reported from vari- 
ous sections in Colorado and checked the material sent him 
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agaiDBt thJB tabulation. Hia palcoDtological conclnBioaB were 
that it most probably represents tbe Bermoan formation in the 
Penns.vlvanian division of the carbon iferoiis. 

Dr. Girty coincides with Prof. Henderson and says: "The 
speciea examined indicate the Hermoea age of the beds with tbe 
exception of 'B^, which might possibly be Rico, eo far as species 
are concerned," but adds, "I should hesitate to place this material 
in the Rico fauna and would su^mt that it also might be Her- 
mosa." 

Dr. White, with a limited amount of poorly preserved plant 
remains, suggests: "It is probable that they (plants) are not 
younger than the middle of the Pennsylvanian." 

There is, therefore, a unanimity of opinion on the part of 
these three gentlemen regarding the age of tbe rocks examined. 

Notes on tbe lithological characters submitted herewith ai-e 
a further confirmation of their determination, for it will be seen 
that the variety of beds and textures is so complex as almost to 
prohibit a detailed account of their occurrence. The formation 
is called the "Hermosa Complex" in the several folios dealing 
with ai-ens containing it.t 

Exposures and Choice of Section. 

In the field under consideration a number of fairly good ex- 
posures may be seen. Nearly all of these exposures were worked 
to some extent by different members of the party, but owing to 
the complex character of tbe beds and the impossibility of corre- 
lating and checking tbe fossils collected from separated areas 
it was decided to work carefully one type section and let it stand 
for the field. 

The best section available was found along tbe Sungre de 
Cristo Creek, parallel to which is an old railroad grade now 
used as the La Veta-Russell Road. This is the longest continuous 
exposure and is still further favorable inasmuch as it follows 
approximately the direction of dip. 

Contact with the Archean is seen on this La Veta Road 
about three-fourths of a mile northeasterly from Russell. 

Traveling along the road eastward from this contact one 
is passing over the nearly vertical beds composing the western 
limb of a syncline for about five-eighths of a mile, and in this 
distance there is hardly a bed which can not be easily examined. 
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One small intrusion of feleite porphyry is to be seen about halt 
way to the synclinal axis. It appears to have been a sill sub- 
sequently folded with the strata. 

Dips change from 75 degrees and 80 degrees easterly to the 
same angles westerly, then back easterly and again westerly 
before the final gentle eastern dip near the synclinal axis. 

These changes in dip, together with the fact that local faults 
occur near the Archean Contact, and that the westerly dips on 
the eastern limb of the syncline are comparatively gentle, prob- 
ably indicate a fold recumbent to the eastward. 

About three-fourths of a mile east of the synclinal axis the 
western end of a large intrusion of felsite porphyry is seen. It 
is exposed on both sides of the valley from this point for a dis- 
tance of three-fourths of a mile eastward. 

Dips and strikes are very much disturbed by this intrusion. 
A ledge of limestone was followed around its north contact. Its 
strike is parallel with the road. East of this intrusion the gentle 
easterly dips which persist for the next mile seem to indicate 
that beneath the aforesaid intrusion, or in the area occupied by 
it, a suppressed anticlinal fold must exist. 

About one-half mile west of the eastern boundary of our 
territory the gentle easterly dip changes suddenly to a dip of 72 
degrees easterly and then becomes vertical, in which condition 
it remains up to and one mile beyond the limits of our map. 

For convenience in classifying the field notes and the col- 
lections made, the field was separated into A and B divisions. 
"A" division includes all beds to the west of the first synclinal 
axis, and "B" division includes those beds east of this axis. A 
and B divisions are arbitrarily subdivided into sections, each of 
which includes one or more fossiliferons beds, numbered A-1, 
A-2. etc. 

LlTHOI-OmCAI. CilARAClERS BY SUCTIONS. 

"The Archean floor is a granite gneiss of varying grain and 
com position, portions being composed of quartz and feldspar 
alone, while other portions approach a biotite schist. Directly 
beneath the sedimentaries it is granitic in character, fairly 
coarse grained. 

A-1. 

At contact the strike is N, 30 d^rees W. 

Dip is 75 degrees, with a direction of dip of N. 6fl degrees E. 

*B«]b are desc-rlbed In order, always beslnnlng wllh the loweat In a see- 
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The earliest member of this series is a grit composeii almost 
entirely of quartz and feldspar. The material is angular and 
varies in size of grain from fine sand to fragments one-quarter 
to one-half inch in diameter. 

In the specimen collected there. is included an occasioDal 
angular fragment of soft greenish material like serpentine or 
chlorite, the source of which is hard to conjecture, as the other 
material is decidedly acid in character. The cement ie mostly 
silica, with a little hematite. 

In the various descriptiouB of the Hermosa formation re- 
ferred to above a bed of limestone has been found at the base. 
The absence of this lower limestone member, together with the 
specific character of the beds examined, led to the suggestion by 
Prof. R. D, George that the Sawatch Quartzite might be repre- 
sented here. 

8. F. Bnimous "deecribes the Ixtwer Quartzite. which is eiiuiv- 
alent to the Sawatch, as follows: "A rock having a thickness 
of 150 to 200 feet, of which the lower 100 feet is composed of 
finely and rather thinly bedded white Saccharoidat Quartzites, 
while the upper fifty feet are shaly in character and more or less 
argillaceous and calcareous," 

Geoi^ H. Bldredge, fwnder the heading "Cjimbrian," gives 
the following description of the Sawatch Quartzite: "This for- 
mation so named because of its persistent occurrence around the 
flanks of the Sawatch range is the lowest scilimentary xeries in 
the region, and is of upper Cambrian age. • • • 

The lower division, which is from 50 to 21(0 feet thick, is a 
white quartzite with a persistent conglomerate of white quartz 
at the base. The upper division, which has a maximum thick- 
ness of 150 feet, is red, ferruginous and somewhat calcareous 
sandstone, consisting chiefly of quartz and feldspar, with a small 
amount of mica. A green, glauconitic mineral occurs in both 
divisions, but more abundantly in the upper," 

The lithological characters given for the upper division 
checks the description of the first 150 feet of the section under 
discussion, but in the sandstoues having a calcareous cement 
carboniferous fossils were found; therefore if the Sawatch is 
represented here it must be by the conglomeratic grit alone. 

The heavy gi'it grades into a thin bedded, micaceous, in- 
durated sandstone, which contains a few fragments of cai^ 
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boDized plant remains. Tbe cementing mnterial ia now calcite. 
In aome portions ttie lime predominatea so that there are oc- 
casional thin beds of impure, fossiliferons limestone. 

A-2. 

A greenish grit with a calcareous cement contains chlorite. 
The main portion of the rock, however, is quartz with occasional 
fragments of pink feldapar. 

The grit changes to limestone, the limestone to metamor- 
phosed sandstone, and this higher up becomes coarse and gritty. 
Lime increases until the rock becomes a pure limestone. Toward 
the top of the section there is a sudden change to grit. 

A-3. 
This section comprises one bed of limestone. In its forty- 
five feet of thickness there are several small local faults. Dip 
has changed from SO degrees eastward to 85 degrees westward. 
Strike ia N. 36 d^rees W. 

A-4. 

Calcareous, gritty shales, some of them purple in color, 
followed by a two-foot bed of limestone, and this by a green, 
tough, gritty sbale of considerable thickness. The upper mem- 
ber of this section is a limestone, ahaly at the base, solid and 
blue in color on top. 

A-5. 

A complex of sandstone, shale, limestone and grit. The 
different beds are rather thin. The sandstones have a lime 
cement. 

A-6. 

Limestone twenty-five feet in thickness, very foseiliferous. 
It is just ahaly enough to allow the fossils to weather out in 
great abundance. As corals predominated here, it is called the 
Coral Bed. 

Above this limestone is a variable, green, calcareous sand- 
stone sometimes coarse and heavy bedded, and again floe and 
thin bedded. 

A-7. 

Gradual transitions from grit to limestone and back to grit. 
Two beds of each are included. 
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A-8. 

A five-foot bed of sandstone about midway of the section ia 
all that breaks the contintiity of limestone from bottom to top. 
Very fossitiferouB. 

A-9 

Five feet of shales containing some fossils is followed by 
ninety feet of very fossiliferous limestone, and this by a heavy 
bed of grit, 

A-10. 

The last heavy limestone bed on the western limb of the 
syncline is a seventy-foot bed at the base of A-10. It is fossil- 
iferous, but 80 compact that the fossils are hard to collect. 

Tn the sandstone members of this section, some of which are 
micaceoQS. a few fragments of carbonized plants are found. 

All. 

Sandstones, grits, graywackes and calcareous sbales compose 
this section. On top of this western limb of the syncline is a 
two-foot bed of rather barren limestone. 

About three hundred feet below the top is a bed of black, 
calcareous sbales making what seems like a very definite horizon, 
and here emphasized because of its probable reappearance aboui 
one and one-half miles further east. 

Section A-11 contains a bed of sandstone which is a mass of 
plant remains. This will be referred to as the Floral Bed. 

The material was submitted to Dr. David White for identifi- 
cation. While difiappointed over the fact that no good, diag- 
nostic material was found, as it consists chiefly of Stigmariae, 
yet he adds : "The presence of these roots in place is interesting 
aa showing contemporaneous shallowness of water, if not sub- 
aerial exposure at that point." 

This fioral bed is to be found just at the left side of a trail 
which turns north from the La Veta Road. The side hill slope 
at the intersection of the road with this trail is covered with 
weathered specimens from this bed. At this point the dip of the 
rocks is about 25 degrees easterly. 

Near the base of Section All the strike is N. 40 degrees 
W,, and the dip is westerly about 85 degrees. There is here a 
sudden change from this westerly dip to vertical, then to easterly, 
back to vertical, and again to easterly about 60 degrees, with a 



Digitized byGOO'^le 



OBOLOOY OF THE GBAYBACK MINING DISTRICT 



Digitized byGOO'^le 



28 GEOLoaV Of THS GEAVBACK UIXINO DtSTBICT 

sudden drop to 25 degrees easterly, all within a space of aerenty- 
flve feet. 

While there is no direct indication of faults here, these 
erratic dips suggest their probability. 

Assuming the black calcareous shales mentioned above to 
be a definite and known horizon, further measurements were 
begun east of its second appearance. 

The western exposure is about three hundred feet below the 
top of the syncline. Proceeding eastward on the eastern limb of 
the syncline the dips are very gentle to the west, and beyond the 
porphyry intrusion mentioned above the dips become perman- 
ently eastward for one and one-half miles. 

About 1,000 feet southwest of Stearns Gulch the black cal- 
careous shales appear again. Measurements downward (geologi- 
cally) from the first syncline of about seven hundred feet and 
up again on this new syncline of about four hundred feet should 
give this horizon. Furthermore, the rock above this black shale 
about the Stearns Gulch region is a tough, shaly sandstone, very 
similar to the rock on top of the western limb of the first syn- 
cline. 

The plant bed was not found in the sandstone; but two 
specimens from the black shales submitted to Dr. White 
prompted the following remark : "The two small fragments from 
locality No. 2 •belong to a stratum which will undoubtedly aSord 
interesting and diagnostic material on further search." 

A further confirmation of the correctness of measurements 
is found in the fact that the next limestone beds above Steams 
Gulch, and presumably above any examined previously, contain 
faunas highly specialized and not found before in abundance. 

10 degree and 20 degree dips to the easterly are found east 
of Stearns Gulch for about one mile. 

Bl. 

A bed of limestone two or three feet thick, decidedly shaly, 
and a mass of fossils largely of the genua Seminula. So abun- 
dant is this brachiopod that this is called the "Seininula Bed." 

B2. 

T>irectly above the Seniinula Bed, in fact a part of the same 
limestone bed, the genus Productus is just as abundant as Sem- 
inula was a few inches below. Logically, therefore, this is the 
"Productus Bed." 
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About forty feet of Bandstones intervene between the Prod- 
uctiis Bed and the next foeailiferoua limestone aliove. Again 
there has been a definite change in the fauna. 

The genus Aviculopecten has been noted occasiooailly in 
former Bections, but bo abundant is this pelecypod here that 
it is called the "Aviculopecten Bed." 

B^ 

This section is eimpl}' the top of the limestone bed, which 
constitutes B-3, and while Aviculopecten is still quite abundant, 
it is diminishing and giving place to numerous gastropods. This 
youngest foaslliferous limestone is called the "Oastropod Bed." 

B-4 marks the upper limit of limestone beds until the La 
Veta Pass is reached two and one-half miles farther east, and 
this is supposedly a recurrence due to folding rather than to a 
younger bed. 

The remaining rocks within the limit of our map are sand- 
stones, some fairly heavy bedded, but mostly thin bedded, tough 
and metamorphosed to various types of graywacks. 

The color gradually changes from greenlsb and gray to ma- 
i-oon and red, the latter color becoming more pronounced as one 
proceeds eastward beyond the limit of the map. 

As the above notes indicate, the whole section of sedimen- 
taries has appeared to be rather complex, due to the endless 
variety of beds, and the consequent difficulty in correlating dif- 
ferent parts of the field. 

The following description of the Hermosa formation by Mr. 
Cross is found in the Rico Folio, page 3. It Is quoted at some 
length because this description so nearly checks observations 
herewith submitted. 

"The Hermosa formation is lithologically complex, consist- 
ing of interbedded limestones, shales and sandstones reaching a 
maximum thickness of 2,000 feet in Animas Valley. Individual 
beds of different litbological constitution are too thin and too 
variable in development to deserve special representation on the 
map, and groups of strata change so greatly in character from 
place to place that horizons cannot be definitely recognized in 
localities separated from one another by more. than short dis- 
tances. The name Hermosa is derived from a large creek enter- 
ing the Animas River in the Durango Quadrangle, and was given 
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to the formation in the Rico Report, in a chapter by A, C. 
Spencer. 

"The Hermosa is composed of limestones, shales and sand- 
stones, but all of these strata are more or less calcareous through- 
out. The limestones are of a blue gray color, rather dense in 
texture, and usually verj' fossil iferous. They are frequently more 
or less bituminous, sometimes so much so as to give a distinct 
odor when struck with a hammer. 

"The shales var\' from black bituminous clay shales, rather 
fissile, to sandy shales and sandstones of an olive green color. 

"The sandstones are also of a greenish color, and under the 
mid'oscofie tire seen to have an amorphous green cement. They 
ui'e composed largely of quartz, but feldspar and mica are 
common. Cementing material is lai^ly catcite. Sandy t>eds vary 
in grain from fine to coarse, and some are congtomerntii'." 

The Fossil Contents. 
A-1. 
Lophophylluni profundum.? 
Rhombupoia lepidodendroides Meek. 
I'roductus inflatuH McChesney. 
I'roductus punctatus Martin. 
Spirifer caniaratus Morton. 
Squamularia pcrplexa McChesney. 
.MIorisnia terniinale Hall. 

A-2. 
Hh on I bo porn lejiidodendroidef Meek. 
Productus inflatus McChesney. 
AvicuJopinna Sp. 

A-a. 

HhonibojKini lepidodendroidcit Meek. 
Productiis inllnliis Mc<'hesney. 

A-i. 
Productus inflalus McChesney. 
I^dmondia gibbo^ia (ieinitz. 

Ar.. 
Productiis semi reticularis var herniosauus (iirty. 
Produotis inflatus McChesney. 
Marginifera Sp.? 
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Spirifer camaratus Morton. 
Seminula BubtiUta Hal). 

A-6. 
Campopbyllum tOTquium. Very abundant. 
Productua aemireticularis var hermosanus Girf.v. 
SemiDula enbtilita Hall. 

A-7. 
Campopbyllum torquiam. 

ProductUB eemireticnlaria var hermoBanus (iir(,v. 
Marginifera Bp.? 
Seminala Bubtilita Hall. 

A-8. 
Campopbyllum torquium. 
Productns punctatUB Martin. 
Bpiriferina Sp.? 
Spirifer booDeDsis Swallow. 
Seminula subtilita Hall. 
Pleiirotomaria Sp.? 

A-9. 
Campopbyllum torquium. 
Marginifera wabaBhensis. 
ProductuB inflatuB McChesney. 
Squamularia perplexa McCbesney. 
Rchizodiis cuneatus Meek. 

A-10. 
Product us cora d'Orbigny. 
Seminula subtilita Hall. 

All. 

8pirifer camaratus. 

Flora determiued by Dr. Wbite. 

'•Mostly Stigmariae, some showing rootlets passing radially 
into sandstones." 

One fragment reveals a very distinct impression of tlie vas- 
cular axis. 

One fragroent may represent AsteropkylUtes. 

Two fragments sbow poorly preserved brandies of Ijepido- 
denron, possibly brittsii Lesqnereux. 

Catamites cf. Roemeri. 

Plant remains very abundant in one bed of this section. 
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B-1. 

I^phopbyllum profuDdnm. 

Prodnctug cora d'Orbigny. 

ProductDS semireticularis var hermosftDUB Girty. 

Squamtilaria perplexa McCheenej. 

Seminula subtilita Hall. Very abundant. 

Avicnlopecten occidentalis Shumard. 

Myalina Sp.? 

Schizodaa meekannB Girty. 

B-2. 

Lopbopbjlluni profundum. 

Rhombopora lepidodendroides Meek, 

Productas cora d'Orbigny, \ 

Prodnctas semireticularis var I 

bermoaanus GirtT. [ „ , , . 

X, ji ^ ■ a ^ ) y ei-y abundant. 

Productns innatus. ( 

Productus gallatineoBio. j 

Productne nebraskonsis Owen./ 

Spirifer rockymouteDsis Marcou. 

Spirifer camaratus Marcou. 

Rquamularia perplexa McChesney. 

Beminala subtitita Hall. 

Aviculopectea occidentalia Sbnmard. 

B3. 

Campophyllum torquium. 

Fenestella Sp.? 

Rhombopora lepidodendroides Medt. 

Productus cora. 

Productae Inflatus, 

Aviculopecten occideatalia. Very abundant. 

ScbizoduB meekanus Girty. 

Campophyllum torquium. 
Aviculopecten occidentalia. 
Pleurophorua occideutaliB? or immatDma? 
Schizodna ovatua. 
SoleoiBcus intercalaris? 

Soleniacus: aff. fusiformis, and variouB gaatropoda with a 
few indeterminable peleeypods. 
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The fossils listed together without repetition are as follows: 

Fauna. 

Lophophyllum profuDdum. 

CampophfllDm torquinm. 

Fenestella Sp.? 

Rhombopora lepidodendroides Meek. 

Productus cora d'Orbigny. 

Productus semireticularis var hemiosanus Girtj', 

Prodnctia inflatus McChesney. 

ProdiictuH gallatinensis Girty. 

Productus punctatus Martin. 

ProduL'tus nebraskensis Owen. 

Marginifera wabasheneis. 

Marginifera Sp.? 

Ppirifer boonensis Swallow.? 

Spirifer rockymontaDsis Marcou. 

Spirifer camaratus Morton. 

Squamularia perplexa McChesney. 

Seniinula subtilita Hall. 

Compoeita subtilita {may be sanie as above). 

Aviculopecten occidentalis Shumard. 

Myalina Sp.? 

AvicUlopinna Sp. ? 

AlloriBma terminnle Hall. 

Pleurophonis occideDtalis : or immaturua? 

Schizodus ovatuE. 

SchizoduB cumatns Meek? 

Schizodus Meekanus Geinitz. 

Soleniacus intercalaris. 

SoleniscuH aff. fuaiformin. 

Edmondia gibbosa Oeinitz. 

Plearotomaria Sp.? 

Flora. 

Largely Stigniariae. 
I-epidodendron britteii?. 
Asterophyllitcs op.?. 
Catamites cf. Roetneri. 

Material not listed in the sections given above. Found in 
the bJack calcareous shale near Steams Oiilch. 
Neuropteris Sp.? 



Digitized byGOO'^le 



34 OEOIX>GV OP THE GRAYBACK MININQ DISTRICT 

Two bodies beloDging to Cardiocarpon ? (probably seeds). 
Several minute fragmeatB, ver,v likely Walchia. 

Determined by Dr. I>avid White, who adds this comment: 
"Though this material is insufficient, both as to quantity and 
condition, it is fairly evident that it represents a horizon either 
Dear (he top of the Pennsylvanian or possibly within the base of 
the Permian. The terrane is very interesting paleobotanically, 
nnd should be exploited further," 

Hei-e follows a columnar section of the sedimentary rocks 
examined. Plate III, in which the sections referred to in the 
notes above are represented with their thickness, and litholog- 
icnl characters. 
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CHAPTER V. 
IGNEOUS ROCKS. 

BY IIOIIA<'E B. PATTON, 
GENERAL. 

With the exception of a very small area of diorite all llie 
i^eouB rocks of this district are to be classified as effusivpfi, of 
which there are two very distinctly marked types that differ in 
texture and in external appearance. The one, extremely acid in 
chemical composition, absolutely lacking in porphyritic texture 
and extremely fine grained and uniform, is described below as 
felsite, and has been given a distinctive color on the geological 
map. The other varies widely in actual mineral and chemical 
composition and in external ap[)earance, but upon the whole has 
a more or less marked yorphyritic texture, and, with a few excep- 
tions, is neither extremely acid nor extremely basic in chemical 
composition. This second or porphyritic type forma the great 
bulk of the igneous rocks of the district, and has been mapped 
all with one color, designated by the letter P. 

As will be seen later this porphyritic type really includes 
rocks that ordinarily would be mapped separately, as it is made 
to include, in addition to the prevailing socalled UHmzonite-por- 
phyries, also quartz porphyries, andesites and a rock of greater 
basicity than the monzonite- porphyries. This grouping together 
of rocks of divergent types was due to several considerations. 
In the first place, owing to a thick forest growth covering a con- 
siderable portion of the territory and to a heavy covering of soil. 
the accurate tracing and mapping of a rather intricate comjilrx 
of igneous rocks was extremely difficult, and, in fact, impossible. 
So numerous are the dikes of these rocks, and ao intimately asso- 
ciated are rocks of diflerent types, that it would have been iiii 
possible to have mapped them at all without greatly enlarging 
the scale of the map. Furthermore, the writer, who has made 
himself responsible for the mapping of the igneous areas, could 
not, within the time at his disposal, personally go over and satisfy 
himself of the correctness of all the work done. As stated above, 
most of the actual work was done by students of the Colorado 
School of Mines, whose experience is field geology was necessarily 
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limited. Wherever possible their work was supervised or checked 
by the writer, who is satisfied that, in most eases, the map ae here 
presented is reasonably accurate. 

For the purpose of reducing errors of observation as much 
as possible, and especially where igneous dikes are too crowded 
to be capable of separate mapping, only the larger and most 
readily traceable masses of igneous rocks have been mapped as 
such. The surrounding areas — that is, the areas in w^ich both 
sedimentary and igneous rocks occur under conditions unfavor- 
able to accurate and detailed mapping— have been mapped as 
Carboniferous, but have been shaded differently from the rest of 
the Carboniferous, so as to indicate the presence of numerous 
but not definitely located igneons intrusions. 

From the above it will be seen that the northern part of the 
area mapped really contains a larger proportion of igneous rocks 
than the map would at first sight suggest. 

CLASSIFICATION OF THB ROCKS. 

As will appear later, all the igneous rocks of the Qrayback 
district are considered to be of Tertiary age. Following the long- 
established custom of many petrc^raphers, the author would have 
preferred to have given names to the different rock types based 
in some degree on age distinctions, and would also have dis- 
tinguished between porphyries with an alkaline feldspar and 
porpbyrites with a more basic plagioclase. On account, however, 
of the close genetic connection and identity of most of the rocks 
here described with the igneous rocks of the r^ion immediately 
to the east and southeast, it has been thought best to make the 
names here used conform to those used by Mr. R. C. Hills in his 
description of the igneous rocks of this adjacent region, more 
particularly as found in the U. 65. Geologic folios Nob. 68 
find 71; the Walsenburg and Spanish Peaks folios, respectively. 
In naming the rocks of these two quadrangles Mr. Hills has 
endeavored to conform to the present usage of the U. 8. Geo- 
logical Survey; has, therefore, discarded rock distinctions based 
on age, and has based his distinctions on differences of testure 
and degrees of alteration, and has made no distinction between 
porphyries and porphyrites, 

Without discussing the advantages and disadvantages of this 
method of classification, it is obvious that conforming to the rock 
names already published by Mr. Hills will largely avoid confusion 
in the discussion of the same or similar rocks. 
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DKSOeiPTION OF THE BOCKS. 

MonzonitePorpkyiy. — Kocks of this type fonu the great 
bulk of the igneous rocks in the northera half of the mapped 
district. They vary coosiderabty in textuix.' and in general ap- 
pearance, some being fairly compact, others medium to rather 
coarse grained. They are light gray to daiic gray in color, and 
always distinctly porphyritic in textnre. In the hand-specimen 
the phenocrysts are not often very conspicuous to the unaided 
eye, as they are seldom more than one-eighth to one-quarter of 
an inch in greatest diameter. Occasionally, however, one meets 
with cases where the feldspar phenocrysts reach to half or three- 
quarters of an inch. With a magnifying glass, and especially in 
thin-sections under the microscope, these rocks are very markedly 
porphyritic, the phenocrysts being small and thickly crowded, 
but very sharply defined against a much finer gronndmass. Feld- 
spar is the most abundant phenocryst. It is almost always 
plagiot'lase — in rare cases also orthoclase — about one-eighth of 
an inch in average size. Of the dark-colored minerals among the 
phenocrysts there occur the following three, named in the order 
of their importance, namely: a dark green hornblende, a light 
green aiigite, that, in thiu-section, ap|>eai-8 ulniost colorless, and 
a brownish biotite. 

The plagioclase of the phenocrysts has a medium to fairly 
basic composition, but is never extremely basic. Maximum ex- 
tinction angles in sections perpendicular to the albitic twinning 
were observed up to about 27°, corresponding to labradorite, with 
a composition of Ab, .\n,. The feldspar of the groundmass varies 
greatly in shape, size and character. In most cases both plagio- 
clase and orthoclase appear to be present. The former is more 
apt to have definite lath form, or, at least, to be approximately 
rectangular in outline, while the orthoclase occurs in more 
irregular grains or fills the spaces between the plagioclase laths. 

Hornblende, augite and biotite are to be seen among the 
phenocrysts in greatly varying quantities. Hornbleude is pi-esent 
in nearly all of these rocks, and in many almost nu other dark 
colored silicate is to be observed. Usually, howe4er, a small 
amount of augite or biotite, or both, may be found if searched 
for. Biotite is much less abundant than augite, tmd only in a 
few cases is it of sufficient importance to be worthy of special 
mention. Through the biotite and augite the more typical of the 
monzonite-porphyries of the district become in places closely 
allied with rocks of quite different type. 
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The hornblende ia almoat always green and plainly pleo- 
chroic. It has typically a slender, prismatic habit, being several 
times as long as wide. It is nsnally about one-eighth of an inch 
in length, rarely a qaarter of an inch or more. The vertical faces 
are usually verj- ftharply developed. They are the unit prieni and 
the brachy-pinacoid. The angite has also at times very sharply 
developed forms. The habit is short prismatic, with octagonal 
crons-fections through the development of the unit prism and 
the two pinacoids. Very frequently, however, the augite occurs 
in less r^ular shapes, and may at times show no trace of crystal 
form. They are not often abundant enough to be conspicuous 
or even visible in the hand specimen. In tbin-aection they are 
almost colorless, having, in fact, a very pale green color. Like- 
wise, the biotite may occur either in verj' irregular grains or in 
more definitely defined crystal forms. In thin-section the charac- 
teristic habit is long and slender, the baeal pinacoid being well 
developed. The color is brownish when fresh. 

Magnetite and apatite form very constant accessory ingre- 
dients. 

These monzonite- porphyries vary greatly in the fineness and 
texture of the groundmass. The finer grained varieties, of course, 
are to l)e fonnd in the smaller dikes and at the margins of larger 
ones. As 1o texture, some have the plagioclase in distinct laths 
that may sink in size to microlites. while others show little or no 
trace of lath forms. Glass was not observed, except in the case 
of a few rocks that have been designated as andesites and that 
differ in other respects from the monzonite-porphyries. It is 
probable, however, that some of the finer grained groundmasses 
represent deritrified glasses. 

While some of these rocks are very fresh and show but little 
alteration, most of the surface rocks show naturally a greater 
or less degree of alteration. The feldspars become clouded by 
the formation of kaolin and the ferromagnesian minerals change 
to chlorite with varying amounts of calcite. In not a few cases 
the hornblende crystals show granular magnetite rims owing to 
attack by the magma before final consolidation. 

Inclusions of various sorts are very common features in most 
of the monzonite-porphyrj' masses. The most common and char- 
acteristic of these inclusions consists of angular black fragments 
varying in size all the way up to two or three inches, and some- 
times extmordinarily abundant. They consist sometimes of 
nearly pure hornblende and have a coarsely granular texture. 
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These dark colored iacluHions are seen under the mici'OFu'0|>e to 
be composed of hornblende similar in character, but not in habit, 
to the r^nlar hornblende cryatala of the rock, also, to a much 
less extent, of plagioclase and the otiier more basic of the rock 
constituents. They are undoubtedly fragments of original basic 
BegregationB, brok<eu up and scattered through movements of the 
rock magma. In other cases the foreign inclusions represent 
fragments of grit, sandstone, shale and limestone from the Car- 
boniferous recks through which the porphyries have forced their 
wa.v. In such cases these inclosed fragments are likely to be 
more or less metamorphosed, the changes being such as are de- 
scribed later under the chapter on contact metamorphism. In 
still other cases fragments of other igneous rocks occur, such as 
monzonite-porphyries of varying texture, quartz porphyry, or 
both sedimentaries and igneous rocks combined. In a few in- 
stances the included fragments have appeared to make up one-half 
or more than one-half of the mass, so as to preseut the appearance 
of a breccia, 

The more typical of the so-called monzonite-porphyries of 
this district, those with abundant small hornblende prisms and 
with blackish angular homblendic inelusionti. are identical with 
a type of rock named Silver Mountain monzoniteporphyry by 
Mr. Hills, who has recognized three more or less distinct mon- 
zoniteporphyry types in his study of the volcanic rocks of the 
Bpanish Peaks and of the Walsenburg folios.* These he has 
named Early Monzonite-porphyry, Late Monzouite- porphyry and 
Silver Mountain Monzonite- porphyry. Through the kindness of 
Mr. Hills, the writer has been given access to all of the hand 
specimens and thin-sections collected and prepared by him in 
his study of the rocks of these districts, and has been enabled 
to make a careful comparison with the rocks of the Grayback 
district. In the absence of chemical analyses it has been difQcult 
to arrive at altogether satisfactory conclusions as to the rocks 
studied. It has not been possible to find a parallel between some 
of the rocks of the Grayback district and those of the two districts 
named above. In fact, the writer has not been able to identify 
any of the monzonite-porphyries with the first two types of Mr, 
Hills'. It is possible that some of the rocks here included under 
the name of monzoniteporphyry may he of the same age and 
character as those designated as early monzonite-porphyry or 
late monzonite-porphyry. Be this as it may, there is no doubt 



■. Hljla. U, S. Geol. Sur. Folio No. 



ib.Google 



GEOLOGY OF THE GBAYBACK MINING DISTRICT 41 

of the identity of many or most of them with the Silver MooDtain 
type. 

Silver Mountain is a conspicuous peak situated in the Huer- 
fuuo Park quadrnngle and lies immediately east of the Grayback 
district and between tliis and the Walsenburg quadrangle. This 
mountain ia composed of monzonite-porphjrry and is described 
by Hills as being an independent center of volcanic activity. 
Silver Mountain lies to the east of North Veta Mountain, the two 
being composed of the same rocks. North Yeta Mountain, which 
lies just east of the territory covered by the map of the Grayback 
District, sends out a long dike of moozouite-porphyry that extends 
into the Grayback territory and thus makes close connection 
with the rocks of this district. 

Quarts Porphyry. — Quartz porphyry forms a comparatively 
small part of the igneous rocks of the district. Tbey seem to be 
confined almost entirely to the extreme north or northeast portion 
of the territory mapped, and are intimately associated with the 
monzonite- porphyries. Whether they are older or younger than 
these latter has not been determined owing to insufQcient expo- 
sures. They occur in masses of considerable size. For reasons 
stated above, no attempt was made to map them separately from 
the nionzonite-porphyries. 

These rocks are coarse-grained and very conspicuously por- 
phjritic. The color is gray to brown, according to the state of 
weathering. As no very fresh exposures were observed, the char- 
acter of the mineral components could not always be satisfac- 
torily determined. Orthoclase in simple crystals and in crystals 
with Carlsbad twinning are very conspicuous as phenocrysta in 
sizes, ranging up to an inch and a half in greatest diameter. 
Quartz as a phenocryst is much more sparingly present and 
always in welt rounded grains or in grains showing embayments 
due to magmatic resorption. The dark colored conatituenta are 
either biotite or hornblende, that is, sometimes one and sometimes 
the other, although the presence of hornblende cannot be asserted 
with great assurance, owing to alteration of the rock. An acid 
plagioctase is also present in varying but in comparatively small 
amount. 

The groundraass is quite coarse-grained. It consists of 
orthoclase and quartz in more or less irregnlar grains, in one 
case showing a micropegmatitic intergrowtb. 

An(te.ii(e.— There are a few occurrences of igneous rocks 
within the Grayback district that differ markedly from mon- 
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Bonite-porphjrieB and other porphyries thuB far described in their 
extreme freshness and, more particularly, in the presenoe of an 
abundant and fresh glaBs-base. Owing to these characteristics, 
the author (eels justified in calling them andesites. The only 
occurrence noted of any prominence is to be found in the rock 
that forms the hill immediately vest of the town of Russell. 
More particularly this rook may be designated as a hornblende- 
nugite andesite. It covers an area of about 1,500 feet in diam- 
eter and is in the form of one or perhaps more sheets that may 
very likely have flowed out on the surface. The rock is medium- 
grained in texture, not markedly porphyritic in the hand speci- 
men, and of a reddish brown color. It does not appear to be as 
fresh as the thin-section shows it to be. 

The phenocrysts consist of numerous hut small, slmrt- 
rectangular, basic plagiocloses, and also abundant dark reddish 
brown, slender hornblende and almost colorless, short-prismatic 
augite — both in perfectly sharply defined crystal forms. The 
nngite is perfectly unaltered; the hornblende in one of the two 
studied is likewise unaltered. In the other case all the crystals 
have been altered by magmatic action into a fine black powdery 
aggregate consisting largely of -magnetite. The groundmass con- 
sists of a fresh brown glass thickly crowded with plagioclase 
microlitcs and with a very fine black dust that is presumably 
magnetite. Flow-structure is very pronounced, 

A somewhat similar andesite is to be found in one of the 
small exposures to the northeast of Russell and south of the 
Bangre de Cristo Creek, In this case the rock is a hornblende- 
biotite andesite, there being no augite present. 

One more occurrence was obsen-ed in the shape of two small 
dikes, close together, and located close to Placer Creek, about 
1,500 feet below the junction with Flume Gulch. Both of these 
are very fresh-looking black or nearly black, fine-grained rocks. 
One of the two appears glassy in the hand specimen. It is, in 
fact, perfectly fresh. It consists of a brown glass with plagioclase 
microlites, in which are imbedded small phenocrysts of plagio- 
clase, and a greenish brown hornblende; likewise a few nearly 
colorless augitee. The other rock may be considered as transi- 
tional to the hornblende monzonite-porphyry. It has a partially 
devitrified glass base containing plagioclase microlites. The 
phenocrysts are hornblende and plagioclase, there being no 
augite or biotite. The hornblende is green similar to the hom- 



,y Google 



GBOLOOX OF THE OHAYIIACK MI^-INa mSTBlCT 43 

blende characteristic of most of the moazonite-porphjries of the 
district. 

It would Beem that these two small dikes furnish together 
a fairly complete transition between the more typical hornblende- 
augite andesite west of Russell and the normal homblende- 
monzonite-porphyry. There ia some evidence, however, as will 
appear later, that the andesite of the hill west of Russell may be 
later in time of eruption than the monzonite-porphyries. 

Other Pnrphyrica. — There reninin to be described a few rather 
extensive dikes, found mostly near the summit of Buckskin Moun- 
tain, that are distinctly abnormal. They occur not on the very 
summit of the mountain, but partly to the southeast and partly 
to the north of this summit. Another occurrence is about oue- 
half mile south of Chicago Peak. 

These are darii gray, homogeneous, medium-grained and ap- 
parently non-porphyritic rocks. Some of them show a slight de- 
velopment of phenocrysts, but, in general, there ie no marked 
distinction between groundmass and phenocrysts. The rock con- 
sists of basic plagioclase, augite and biotite, with comparatively 
abundant accessory apatite and the usual magnetite. In one or 
two cases a small amount of greenish hornblende with magnetite 
rims occurs. There is a strong tendency toward the develop- 
ment of an ophitic textnre in that the plagioclase is the oldest 
of the silicates and occurs in well deflued laths penetrating or 
enclosed within the augite and biotite. In some cases the augite 
and biotite form irregular grains that not only enclose the plagio- 
clase, but that also mutually penetrate each other. In one par- 
ticular case, however, both augite and biotite form, in part, 
sharply defined crystals. This is particularly true of the biotite 
occurring in thin tablets that appear as long strips in the thin- 
section. In this case, also, the biotite is extremely abundant. 

The author is inclined to think that these abnormal types 
that may be designated as biotite-augite porphyries (porphyrites) 
may be the equivalent of what Hills calls lamprophyres in his 
description of the rocks of the Ftj)anish Peaks and of the Walsen- 
burg quadrangles. However, in spite of the fact that these 
lamprophyres of Hills' have a very great range in chemical and 
mineralogical composition, including orthoclase-bearing and or- 
thoclase-free rocks, these rocks now under consideration do not 
agree very exactly either with the rock and slide specimens from 
the above mentioned quadrangles or with the descriptions given 
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of these interesting rock typee. They are more baaic than the 
above described monzonite-porphyrica, aa the ferro-magaeaian con- 
stitneotB are very abundant; ortboclase appears to be entirely 
wanting and the plagioclaae Hhows on the average larger ex- 
tinction angles. 

Fclsites. — Sharplv contrasted with all the types of effusive 
rocks thus far described, all of which have been represented on 
the map under one color, and nearly all of which are more or 
less markedly purphyritic in texture, there remains to be de- 
scribed a type of rock that occurs mostly, but not entirely, con- 
fined to the southern half of the mapped area, and to which the 
name felsite has been given. All of these felsltes are extremely 
light colored, varying, in fact, from a light gray to almost pure 
white, and except upon the closest scrutiny appear to be abso- 
lutely free from porphyritic development. They are extraordi- 
narily uniform in texture and general appearance. The grain is 
very fine, that is, cry ptocry stall ine, or seemingly so, and may be, 
at the margin of a dike, flint-like. 

Under the microscope most of these rocks are not so entirely 
free from porphyritic texture as an examination of the hami- 
sjip<'imen would lead one to infer. In fact, they may be said to l>e 
minutely porphyritic, that is, thickly atrewn with very minute 
phenocrysts. These very small phenoerysts are almost entirely 
urthoclase, occasionally acid plagioclase and, possibly, quartz. 
Carlsbad twinning on these orthoclase crystals is very common. 
The shape in thin-section is mostly rectangular. The groundniass, 
so far as can be made out, consists only of orthoclase and quartz. 
It is not often coarse enough, however, to enable one to deter- 
mine this absolutely. The texture of the groundmasa is often 
like that of typical felsitic porphyries in that it is composed of 
ultra-fine grains or shreds of feldspar and quartz, almost or 
quite too small to be individnally distinguished. In the case of 
hii^e masses, as, for instance, the large mass exposed on both 
sides of Sangre de Cristo Creek near the center of the map, the 
grouudmass may become much coarser grained and take on the 
appearance of a rather fine grained microgranite. 

In no case was any structure observed suggestive of spheru- 
litic or otherwise radiating structures. In one or two cases a 
hardly noticeable tendency was observed to form micropegma title 
intergrowths between the feldspar and the quartz. But it is alto- 
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texture is fair); normal hypidiomorphic. with the plagio<^']a8e 
tending to assume lath form. 

It is evident that this rock is not the plntonic equivalent 
of any of the porphyritic racks on the surface. It is more acid 
than the monzonite-porphyriee, and, furthermore, lacking in both 
angite and hornblende. It has strongly metamorphosed the Car- 
boniferous rocks -nith which it comes in contact. 



There are many evidences that the igneous racks of the Gray- 
back district are younger than the Carboniferous rocks with 
which most of them are associated. Among these evidences are 
the occurrence of dikes plainly cutting across the sedimicntary 
beds, the enclosure of fragments of the Carboniferous sediments 
in the igneous rwrks, and the marked metamorphism of the sedi- 
ments at contact with the larger igneous masses. At the same 
time the absence of supei-ficial phenomena, such as volcanic 
breccias and tuffs and scoriaceous or amygdaloidal structures 
indicate that all superflcial accumulations, if such existed, have 
been removed by general erosion. The igneous rocks now exposed, 
therefore, represent intrusive masses that have forced their way 
upwards through the overlying rocks. 

In a great many cases tbe monzonite-porphyries and other 
associated porphyries an plainly in the form of thin sheets that 
lie conformable with the sedimentary beds. This is best illus- 
trated on the prominent ridge that runs southeasterly from the 
summit of Stearns Mountain. On this ridge there are to be seen 
within a distance of about one mile no less than sixteen of these 
sheets varjing in thickness from a few to more then 200 feet. 
With but one or two exceptions these sheets are conformable to 
tbe sedimentary beds. Within this mile tbe igneous sheets make 
up approximately one-half of the rocks. How extensive laterally 
these sheets are it is impossible to say, as the thick wash covers 
them up, except on the ridge. 

Not all the igneous intrusions are in the form of intercal- 
lated sheets. As already stated, dikes cutting across the strata 
occur along with the sheets. Furthermore, it is evident that the 
very considerable metamorphism of the sedimentary formations 
described in chapter five could only have been caused by very 
considerable masses of igneous rock. These may take the form 
of very heavy sheets or more probably the form of localities. That 
such laccolitic masses one or two miles in extent may exist may 
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be judged from the distribution of the porphyries in the north- 
ern part of the district. It must not be sopposed, however, that 
each separate color patch on the map necessarily indicates one 
single igneous intrusion, as many dikes or sheets may occur to- 
gether, forming a continuous igneous area. 

Mr. Hills refers to Silver Mountain in the Huerfano Park 
<|uadrangle as being the center of volcanic activity from which 
the Silver Mountain monzonite-porphyries originated. It is quite 
evident that a second center of eruption for this rock is to be 
found in and around Grayback Mountain. 

As to the felsite intrusions, there is no evidence that they 
occur in the form of sheets, although there is no reason to sup- 
pose that they do not. The smaller masses are plainly in the 
form of dikes, and the larger ones have more the appearance of 
laccoliths. This is more particularly the case with the felsite 
mass near the center of the map, as this has considerable thick- 
ness. As will be seen in the section shown at the bottom of the 
map. and taken through tbie felsite maRS, the strata are arched 
over this igneous mass as though they had been forced into an 
anticline by the np welling lava. It is not likely, however, that 
the felsite intrusion is really responsible for this anticlinal arch. 
86 the arch is much too extensive to be accounted for by so local 
an intrusion. Furthermore, as appears below, the felsite belongs 
to the latest period of volcanic activity manifested in the region. 
Doubtless the fold of the strata had been practically completed 
long before the date of the felsite intrusion. 

AGE OF THE IGNEOUS ROCKS. 

As to the relative age of the different igneous rocks, it is 
impossible positively to determine the order of their eruption 
from observations made within the confines of tbe area studied, 
except that the felsite must be among the latest intrusions, as it 
cuts in one case the andesite breccia. This also is in agreement 
with the observations of Hills, who finds that the "granite felso- 
phyre" — the equivalent of the felsite— in the Spanish Peaks and 
in the Walsenburg quadrangles was erupted subsequent to all 
the dike rocks, with the exception of granite-porphyry and basalt. 

The actual age of these igneous rocks can likewise not be 
determined by any evidence found on the ground, except that 
they are all younger than the Carboniferous. From evidence 
obtained by Hills in the above mentioned districts where the 
same or equivalent rocks cut much younger formations, the erup- 
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live activity did not begin until the latter part of the Eocene, or 
possibly the early part of the Neocene. It is quite certain that a 
part, and perhaps most of the orographic movements that caused 
the uplift of the Sangre de Cristo Range, were completed before 
the eruptive period set in. But it is also certain that the in- 
trusion of BO large a quantity of igneous matter must have tended 
to raise to a still higher level the region affected, and to bring 
about many changes in the relative positions of the strata. 

BOCK BZF08UBBB. 
One difficulty experienced in mapping the igneous rocks of 
the district is the scarcity of good exposures. Both the monzou- 
ite-porphyries and the felsite seem to break up under the action 
of frost with remarkable ease, so that solid continuous outcrops 
are exceptional. In nearly all cases the location of the igneous 
mass must be determined by means of loose fragments on the 
surface. In the case of the felsite these are mostly small and 
irregular pieces. The porphyry has a strong tendency to break 
up into roughly flat slabs that are large or small, according to 
circumstances. Where the exposed mass is lai^ and outcropping 
on a steep mountain side, the fragments may be a foot or two in 
diameter, otherwise much smaller. But even in places where one 
would naturally look for extensive ledges of rock the solid por- 
phyry win be found to be buried under several feet of loose frag- 
ments. 
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fllAPTKK VI. 

CONTACT-METAMOIU'HIC ROCKS AND IKOX OKES. 

(Ity Hoi-at-e B. Piittoii.) 

Coxtact-Mbtasiorphic Kocks. 

Contact metaniorphisiii around tlie larger maaaeB of igneous 
rocks is a constant and marked featui-e of this ai-ea. But on 
account of tlie tliitk timtier or Iieavy soil and wash t-ovenng the 
rook fonnatious the district is a verj' unsatisfactory one for the 
Btnd.v of such phenomena. A number of instances were noted 
where the actual contact was exposed, but inforaiation as to the 
distance from the contact within which mctamorphism is effective 
could not ]>e obtained within the time available. Mo»t of tlie 
specimens collected were obtained from dumps of old adits or 
mine workings, in cases where the mine workings themselves 
were caved in, or were too dangerous to justify examination. 

It would seem, however, from the widely scattei-ed lioat that 
a considerable portion of the carboniferous rocks in the vicinity 
of Urayback Mountain and north of this mountain have been, 
to a greater or less extent, metamorphosed or, at least, indurated 
by contact with igneous rocks. But fi-om evidence in baud it is 
not probable that intense metnmorithism, that is, complete re- 
crystallization of the rock constituents, extends for more than 
fifty or one hundred feet from the actual contact. In case of 
smaller intrusive masses, of eouree, the zone of complete nicta- 
morphism is very much less than this, perhaps only a few feet. 

With but two exceptions the observations were confined to 
rocks in contact with the monzonite- porphyries. These two ex- 
ceptions were the large felsite mass in the Sangre de Cristo Val- 
ley, near the center of the district, and the very small diorite 
area on Grayback Mountain. Xo noticeable difference could be 
observed in these two cases ex<-ppt that the contact effects of the 
diorite are jippiircnily more intense than elsewhere. 

The effects of contact metamorphism will be described on. 
first, shales: second, sandstones; third, limestones. 

Effect of Metamorphism on S7tn7ca. — Fine grained, calcare- 
ous shale* alter into a greenish or greenish gray, very smooth. 
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aint-Hke homfela that consist of miimte grains or sharp crystals 
of epidote, with a varying amount of irregular ijuart;; grains and 
calcite. A little plagioclase may also be noted, but this ia very 
likely an unaltered remnant of the original shale. 

The non-calcareous shales become dark gray, fine grained 
rocks, with but a slight tra«-e of bedding. They are entirely- fi-ee 
from epidote and from calcite. They consist of biotite. quartz, 
oi-thoclase, and, where the clastic structure is still recognizable, 
a little plagioclase. The biotite is usually in irregular grains 
or shreds. It has a light brown color. Pleochroism is apt to 
be rather weak so that it seems to grade into a mica that is nearly 
colorless or ttiat has a greenish color I'eseinbling chlorite, but 
with the birefraction of mica. A shale of this character in con- 
tact with the diorite of Grayback Mountain sliows complete re- 
crystallization and thorough crystalline texture. In this case 
the biotite occurs in sharply defined plates and there is also 
(leveloiM-d a small amount of greenish hornblende, 

Effect of Metamorphism on iiandatonea. — As would naturally 
be expected, sandstones are but slightly affected by contact with 
the igneous rocks. Except in cases of sbaly or calcareous sand- 
atones there appears to have been but little change produced ou 
the sandstones ovei- what has been effected by the partial con- 
solidation of the sandstones of the district. This consolidation 
of the carboniferous sandstones has produced graywackes by the 
partial extension of the clastic grains of feldspar and of quartz 
and by the development of a chloritic cement. This regional 
process seems to have been further accentuated in close pi-oximity 
to the igneous rocks in that the clastic fragments have been 
more plainly extended and may show a tendency to interlock 
and in that the chlorite is more distinctly crystalline. Occa- 
sionally, too. crystalline calcite enters as a cementing material. 

The sandstones of the carboniferous in this district are ex- 
tremely feldspathic and the grains usually show but little round- 
ing. The feldspar consists of orthoclase and microcline and to 
some extent also plagioclase. The same ingredients remain in 
the contact rocks. Usually the clastic structure is plainly mani- 
fest, but in one or two cases tlie rock has a remarkably crystal- 
line appearance. 

Where a sandstone becomes more or less shaly biotite is 
developed, as in the case of the altered shales. 
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Effect of Metamorphism on Ltmcatonea. — At contact with 
the igneous intrusives pure limeBtonefl have been metamorphoaed 
into a fine grained aggr^;ate of white or nearlj white crystalline 
calcite. As pure limestones are not ver^ abundant in the dis- 
trict, this is the exception rather than the rule. In most cases 
the altered limestone consists of a coarse to fine grained aggre- 
gate of calcite, garnet and epidote, with varying, but usually 
small, amounts of quartz and chlorite. Different specimens differ 
greatly in relative amounts of these minerals and also in color 
and texture. Some are banded and extremely fine grained and 
represent transitions to the metamorphosed calcareous shales. 

In the more coaraely crystalline masses the garnet, epidote 
and calcite are easily recognizable. The garnet has the trapezo- 
hedral form and is of a brown or reddish brown color. At times 
this form is pronounced, especially when the crystals lie im- 
bedded in coarse grained calcite. Usnally, however, this mineral 
occurs in more or loss granular aggregates. These garnet 
grains do not often make solid aggregates, even to a lim- 
ited extent, but each grain is as a mle separated from the others 
adjacent thereto by calcite or quariz or by a fine aggregate of 
several minerals, as, for instance, quartz and epidote, or qnartz, 
calcite and epidote. There appears to be, further, a tendency 
to form parallel growing aggregates of garnet crystals immersed 
in a large skeleton-like grain of calcite or of quartz, after the 
fashion of pegmatitic intergrowths of qnartz and microline. This 
would seem to indicate a simultaneous crystallization of these 
minerals. In a similar way. it may be stated, there commonly 
occur interpenetrating growths of quaii:z and calcite. 

Epidote Is not very abundant, at least it is not very con- 
spicuous in the gametiferous rocks. It occurs in small grains 
closely associated with qnartz and calcite. It does not seem to 
be inclosed in the garnet nor to in any way interfere with the 
growth of this mineral. Chlorite occurs in small radiating ag- 
gregates that show in thin-section a vivid green color, Calcite 
often occurs in irregular, skeleton-like crjstal grains a half inch 
to an inch in diameter, as shown by the simultaneous flash of 
the cleavage in the hand specimen. 

Practically all of the specimens of metamorphosed lime- 
stone containing the above mentioned minerals came from the 
vicinity of the iron ore deposits on the went slope of Grayback 
Mountain. These specimens present many transitional forms 
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between the gamet-epidote-calcite rocks and the pure iron ore. 
Both magnetite and hematite are to be seen in these tranaitional 
forms. They are variously intei^rown with the other ingredients 
in coarse crystalline grains. Both of these iron oxides may be 
seen filling the spaces between garnet crystals and apparently 
replacing calcite and probably also quartz and epidote, but in 
no case does the iron oxide replace the garnet. In every caae 
where magnetite or hematite comes in contact with the garnet 
the garnet form remains sharp and unaffected. ^Tor does the 
iron oxide occur inclosed within the garnet. From this it would 
seem that magnetite and hematite did not crystallize out sim 
ultaneously wit)i the garnet, but subsequent thereto. It would 
follow, therefore, if it is admitted that garnet, calcite and quartz 
crystallized simultaneously, that the iron oxides must have been 
formed subsequent to these minerals also. The significance of 
this fact will appear in connection with the discussion as to the 
origin of the iron ores. 

Iron Ores. 

Character.—As will appear later in the more detailed de- 
scription the iron ores occur as replacements of metamorphosed 
carboniferous limestone in which garnet is usually an abundant 
constituent, and are to be found at contact with monzonite-por- 
phyry or close to such contact. They consist mainly of magne- 
tite in more or less granular masses and show small, but greatly 
varying, amounts of calcite, garnet and other minerals charac- 
teristic of the altered limestone. In places hematite occurs either 
disseminated through the magnetite in coarse plates or in finer 
and purer masses. The original bedding of the limestone ie 
commonly preserved more or less plainly in the iron ore. These 
ores liave been developed on the western slope of Grayback Moun- 
tain in three mines that at present are known as the Upper Star 
of the West, Star of the West and Lower Star of the West. 

Detailed Description. — In the Tenth Census of the United 
States (volume 15, page 477) B. T, Putnam makes brief refer- 
ence to the iron ore deposits on the east side of Orayback Gulch, 
that is, on the west slope of the mountain of the same name. He 
speaks of two mines, the Ainsworth, situated about 740 feet 
above the bottom of the gulch, and the Stoddard mine, about 180 
feet above the guU-h. These two mines correspond, doubtless, 
with what now goes under the name of the Star of the West and 
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thp Lower S(ar of the West, Fespectively. Mr. I'utDaiu tUiDka 
that the two oi-e deposits may be really the same ore bed sepa 
rated vertit-ally some 560 feet by faulting. At the time the Tenth 
Census rejioi't was made but very little work had been done on 
the higher of the two mines, and the development of the lower 
mine was not sufficient to disclose the limited extent of tlie ore 
deposits and its close connection with local igneous intrusions. 
At least no mention of the pi-oximity of such igneous rocka is 
made. From investigations of the writer it would seem that 
the funtt mentioned by Putnam is probably not of great extent 
and that the two deposits are quite independent. 

The Lower t^tar of the Hce( {Stoddard) .^Tlie ore is com 
{losed of magnetite with varying amounts of hematite. It iHroui-s 
very plitinly replacing metamorphosed limestones at or close to 
the contact with monzonite-porphyrj\ The ore body is a bed some 
Ave feet thick conforming exactly in strike and dip with the 
overlying and underlying altered limestones, and containing to 
some extent tl>e same minerals that make np the limestone. The 
slrike is S, Sit" K, and thodij) about 25° to Ihe south. The ore is 
cut off by a fault with a strike of South 40° East and a dip of 
70° to the NE. A tunnel has been driven on this fault for a 
distance of 175 feet, beyond which the mine is caved in. The 
ore is found to the left, that is, northeast of this fault, the dip 
of the fault-plane being approximately at right angles to the dip 
of the ore bed. The ore has been worked out for a distance of 
rtO feet along the fault and for a width of about 25 feet. Beyond 
that nothing can be seen because of caving of the mine. At the 
end of the tunnel as far as now aecessible monzonite porphyry 
occurs on the riglit of the fault instead of limestone, while ore 
continnes on the left of the tunnel and fault. On account of the 
fault separating the two it is impossible to say whether the oi-e 
was originally in actual contact with the porphyn- or not. 

The fitar of the West { Atnsworth) . — This mine, located some 
fiOO feet higher up the mountain than the Lower Star of 
the West, has been opened up from the surface in a sloping, cave- 
like stope that pi-esents better opportunity for investigation. The 
ore is bedded six to eight or ten feet thick and conformable with 
the l>edding of the metamorphosed gametiferous limestone. The 
beds strike N. 80° E. and dip 35° S. That this ore body is a re- 
placement of the limestone may be seen by the fact that a nioi* 
or less gradual transition may be traced from solid ore to garnet- 
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neariQg limefitone in following along the beds in the direction 
of the dip. That iB, the same bed continues uninterrupted from 
ore to limestone. Also tlie same minerals that form the meta- 
morphosed limestone ma,v be seen to some extent in the nearly 
pure ore. The following minerals occur in the altered limestone. 
Calcite, garnet (sometimes ia recognizable trapezohedrons), epi' 
dote, amphibole, quartz, magnetite (in octahedral crystals), hem;^ 
atite (micaceous) and pyrite. Pjrite is also to be seen not very 
abundantly developed in portions of the iron ore. 

This ore body occurs close to a mass of luonzonite-porphyry 
located north of the ore. Actual contact with this porphyry does 
not occur here, aa the ore has beeo cut off by a fault that strikes 
practically east-west and dips 70° south. The upthrow is on 
the north or foot wall side of tlie fault. The amount of the throw 
can not be determined, but it ia suflScient to carry that portion 
of the ore body nearest to tlie monzonite-porphyry above the 
present level of the ground so that erosion haa completely re 
moved it. The direction of throw may be known from the fact 
that the iron ore has been dragged upward along the fault plane 
for some eight or ten feet. It should be noted that this fault 
differs from the one in the lower mine very greatly in both strike 
and dip. 

Underlying this iron ore at one place occurs a whitish gran 
ular limestone having a very irregular line of contact with the 
overlying ore. Immediately at this contact the ore is limonite. 
It could not be determined positively whether the limestone had 
originally been replaced by magnetite which has later been al- 
tered to limonite or whether the limonite has directly replaced 
the limestone, but the impression made on the writer was that 
the replacement was originally by magnetite. 

Upper Star of the West. — This body of ore is from one to 
four feet thick and lies beilded between an overlying garnet-bear- 
ing bed and an underlying bed of brownish crystalline limestone 
The ore has replaced to some extent the upper part of this pure 
limestone bed. The dip of the beds is 45° S. The strike appears 
to be about the same as for the last described mine, which liee 
at a level some 150 feet below this mine, but owing to the strong 
magnetism of the ore the dii'ection of strike could not be taken. 

At this mine the iron ore and limestone come into sharp 
contact with monzonite-porphyry, the line of contact being ap- 
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proximately vertical. There is nothing at this place indicative 
of a vein of ore between the limestone and the igneous rock. In 
fact, no such veins of iron ore tiave been observed in the district 
by the writer. Mr. Hosliin, as stated by him in Chapter VIII, 
thinks he observed such a dike, and it is more than likely that 
such do occur. 

Origin of the Iron Ores. — In an extremely interesting and 
suggestive paper by Leith and Harder" on The Iron Ores of the 
Iron Springs Bistrict of Southern Utah these authors state that 
"it early became apparent to him (Leith), as it had been appar- 
ent to others, that the iron ore deposits of the West are prevail- 
ingly of a distinct and uniform type — an irregular replacement 
of limestone near the contact with igneous rocks, or a vein filling 
in both limestone and igneous rock — a type fundamentally differ 
ent from that of the important producing districts east of the 
UissisBippi Biver, and probably of different origin." In their 
investigation of the iron ores of the above named district I^eith 
and Harder conclude that the ores are the direct or, rather, 
after-result of large igneous intrusions in limestone, and that the 
process may be summed up as the "entrance of hot ore-bearing 
solutions through fissures in the andesite into the adjacent sedi- 
ments, depositing ore as dikelike masses in fissures in the ande 
site, as fissure fillings and replacements in the limestone, and as 
cements in breccias of andesite, limestone and quartzite."t 

Owing to the extremely heavy covering of soil and forest on 
the western slope of Grayback Mountain and in the absence of 
more extensive mine workings a very good opportunity has not 
been afforded for investigating the origin of these iron ores. In 
the absence of positive evidence of iron ore veins it would seem 
that this form of deposit may be lacking in this district, although 
there can be no doubt that the ores are due directly or indirectly 
to the intrusion of the igneous rocks. The ore can hardly, how 
ever, be due to the metamorphosing of pre-existing limonite or 
other iron ore deposits, as such deposits are not found away 
from the igneous contacts. Furthermore, it has been shown in 
discussing the metamorphism of the limestones that the magne 
tite and hematite were not formed at the same time as the garnet 
— a very oharacteriatic contact mineral — but subsequent thereto, 
mainly through the replacement of the calcite. We shall have 
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to exclude also poseible pyrite deposits us the original Bource of 
the iron ore unleas we are prepared to admit that the same igne 
0U8 intrusion can be responsible for three successive and very 
distinct processes of mineral formation: First, the direct con- 
tact metaniorpliism of the limestone; second, the circulation of 
waters carrying sulphides; third, the alteration of these sul- 
phides to oxides. 

It would seem that the only remaining alternative is the 
circulating of iron-bearing solutions, emanating from the igneoue 
rocks during the later period of their consolidation or cooling 
and the differential replacement of the calcite in the metamor 
phosed limestones. As to the nature of the iron-bearing solutions 
there is no evidence at hand. Quite possibly the suggestion of 
TiCith and ITarder is corrwt, that ferrous solutions, such as the 
chloride or carbonate or sulphate, were partially oxidised by 
the breaking up of water at high temperatures. 
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CUAl'TKR VII. 

ORE I>EI'OSlTS. 

(By Vi. Montague Biitlcr.) 

INTROnrCTIOX. 

The location, biHtory and general geology of this district 
and the natiiie of Mie mining operations which have been carried 
OH here ai-e fully treated elsewhere iu this bulletin and aonie fa- 
Hiiliaritj with these topics ie desirable for a proper understand- 
ing of the following diHcuK»<ioii. 

Many years ago the region involved yielded placer gold and 
iron ore in commercially important amounts. Recently there 
has been a renewal of interest in the mineralization of the dis- 
trict, and an attempt is now l)eing made to develop its placer 
dejiosits on a large scale. 

There is no doubt of the presence of gold in the area, as 
it is an undisputed fact that several moderate fortunes were 
sccuithI here in the early days, and it is now possible to pan gold 
from the stream beds in numberless places. This being true, 
the (jne^tioD of the source of the metal becomea one of interest 
and importance. Jn the solution of this problem the course of 
procedure followed involved careful testing, by panning, of all 
the stream beds and valley bottoms, together with several more 
or less extensive deposits of alluvium or wash now considerably 
above the water conrses, but which doubtless represent, at least 
in part, old areas of alluviation. The result of this examination 
is summarized below and is followed by a discussion of the lodes 
from which the placer gold was derived. 

PROVKX AND I'Ot^SIItLE PLACER DEPOSITS. 
Three distinct periods of alluviation are represented in the 
area, the deposits resembling each other in many respects, but 
dififering in location and height above the present water courses. 
Beginning with the highest, they are as follows: The Grayhack 
Wash, the Terrace Gravels, the Recent Alluvium. 

The Gravback Wash. 
Location. — This is found a mile west of Russell and extends 
sonth and west far beyond the limits of the territory examined. 
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aad Dorthward about oneHjuarter of a mile beyond Kennedy 
Oulcb. There is a smaller T-shaped area oo both sides of Bron- 
vbo Dan Oulcb, the nearest point being about a mile uortbweat 
of RuBscll, and this deposit is also found id Spanish Basin. All 
are at an elevation of approximately 9,000 feet and the bed seems 
to slope towards the southeast at a small angle. 

Character.— This wash comprises well-worn fragments, vary- 
ing from fine sand up to pieces several feet in diameter of all 
the rocks found in the immediate vicinity of Orayback Mountain, 
and also contains some material not now represented there. Por- 
phyries, felsites, amygdaloidal basalt, granite-gneisses, wackes, 
grits, conglomerates, sandstones, limeatoneB, bornfels, lime-eil- 
icate rocks, magnetite and hematite are mingled in great con- 
fusion. In some places one may predominate and elsewhere an- 
other, but the general character is everywhere strikingly similar. 

The resemblance of most of the fragments to the rocks of 
the Orayback region is not merely superficial; they are identi- 
cally alike. The limestones contain the same fossils as are found 
in the carboniferous sediments, and the igneous rocks are indis- 
tinguishable. 

The proportion of Archaean material present is small and de- 
creases towards the east, so it is almost lacldng in Spanish Basin. 
Even where found scattered over the wash to the west it is prob- 
able that a considerable part is of extraneous origin, never hav- 
ing formed a part of the wash on which it lies. 

Although the Orayback Wash is more firmly compacted than 
either of the other types of gravel deposits it may still be picked 
apart and shafts may be sunk therein without the use of ex- 
plosives. It is too hard, however, to permit of excavation by 
means of bucket dredges or other automatic appliances. If the 
deposits west of Placer Creek contain gold it can hardly be ex- 
tracted profitably by any method involving the use of water, 
since it is far above present stream levels, and to transport it 
down to water would be very expensive. The considerable de- 
gree of induration would also make it impossible to mine it 
profitably unless exceptionally rich, which it is not, as later 
statements will show. 

Thicknesa. — The bed varies in thickness from almost nothing 
up to unknown figures, shafts fifty feet deep foiling to reach the 
bottom of the gravel west of Placer Creek. It seems probable 
that in some places this figure is much exceeded. 
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Qold Content. — So far as koowu the Orayback Wash con- 
tains no gold west of Placer Creek; several pang of dirt from 
there were washed without obtaining a single color. It should 
be mentioned, however, that in no case was it possible to take 
the samples from the base of the gravel bed near bedrock, and 
it is quite possible that gold may be present there, although its 
profitable recovery seems out of the question, as previously 
stated. 

Samples taken from this Wash in Spanish Basin yielded 
from three to ten coarse colors to the pan. As these colors were 
found to average a little above 1.5 mgs. in weight (worth .0975 
of a cent with gold at (20.00 an ounce) and the pans averaged 
one hundred to the cubic yard, it Is safe to assume that one 
"coarse color" is equivalent to 10 cents a cubic yard. Figured 
in this way it was determined that from grass roots to bedrock 
the whole averages 60 cents per cubic yard. 

The Spanish Basin Placer Company, composed of B. M. 
Barnes, H. G. Nesper, G. C. Wrice and C. W. Frickey of Russell, 
Col6., controls one hundred and twenty acres in Spanish Basin 
and Spanish Gulch, which includes about all of the Qrayback 
Wash suitably situated for profitable working. This company 
has leased the ground from the Triuchere Estate, paying 10% 
of the gross proceeds for the same. Water from the Sangre has 
been brought upon the property by means of a ditch two miles 
in length. 

This same company, or one or more of the individuals of 
which it is composed, controls seventeen acres along Spanish 
Gulch, which opens into Spanish Basin from the south. Some 
of the ground is Grayback Wash, but the most of It is Recent 
Alluvium and will be discussed under that head. 

The gold varies from fine to coarse and the particles are 
rather irregular in shape, scale-like or flake-like forms being the 
commonest, with some wire gold present. No large nuggets have 
been reported nor are rounded forms common, although most of 
the grains appear to have been somewhat smoothed by attrition 
or other means. 

Age and Manner of Formation. — The total absence of fossils 
makes tbe ages of the various gravels somewhat indeterminate, 
but it is possible to fix their relative age with certainty and the 
conditions under which each was deposited seem fairly plain. 

There is no doubt but that the Grayback Wash is the oldest 
and the character of its fragments proves that they had their 
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origin in the Grayback Mountain mass and that the Wash was 
deposited after all the igneous rocks of the district had been 
formed, that is, some time after the Miocene Epoch of the Terti- 
ary Period. 

The intrusion of the youngest igneous i-ocks — mainly of fel- 
sitic type — was accompanied or followed by orogenic movements 
which may have been of considerable magnitude, and it is not 
unlikely that these occurred at the end of the Miocene, which 
was a time of notable mountain making movemeDts elsewhere. 

Possibly the Graybact Mountain mass was greatly elevated 
at this time and the Grayback Wash represents the rem- 
nants of an outwash deposit of fragments eroded from the mass 
soon after its elevation and carried to moderate distances from 
its base by torrential sheets of water. 

The possibility nf considerable outward as well as upward 
extension of the Grayback maxs should be recognized, since the 
greater the magn)tu<]e of the former the easier it is to explain 
the observed facta without resorting to the assumption of a more 
than moderate upward extension of the mountain. 

It has been suggested that this Wash may represent a great 
outwash deposit such as is formed around desert ranges at the 
pi-esent time, but the rounded, water-worn apjwarance of its con- 
stituents and their comparative fi-eshneas are unfavorable to this 
theory. 

It is not necessary to assume that this Wash was originally 
continuous between the areas where it is now found, since it 
may have been confined to one or two very broad, flat valleys 
running southwesterly from the Grayback mass. It was prob- 
ably originally a very thick deposit and subsequent differential 
erosion is i-esponsible for differences of elevation of two hundred 
feet or more, such as are found at diffei-ent i»artR of each of the 
existing deposits. This explanation assumes, of course, that 
there have been great changes in the topography and, possibly, 
slight crust tilting movements since the bed was formed. 

The TERit,\CE Gravel. 

Location. — The Terrace Gravel constitutes a notable topo- 
graphical feature of the area, but is not differentiated fi-om the 
Recent Alluvium or from (he Grayback Wash on the geological 
map accompanying the report. 

It borders (he present stream beds in several places, form- 
ing rather flat-topited mesas or terraces whose upiwr surfaces 
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are about fifty feet above the Btreama. Officers' Bar (Plate VI) 
at the junction of Qravback and Placer Creeka ia capped by one 
of these deposits, which are also extensively developed between 
(he north and south forks of Middle Creek and along Placer 
Creek, particularly on the west side about a half mile north of 
its junction with Middle Creek and at several places on both 
sides south of this junction. 

Character. — In the size of the rock fragments the Terrace 
Gravel resembles the Grayback Wash, but the nature of the 
materials of which it is composed depends upon its position. 
Between the north and south forks of Middle Creek it consists 
wholly of Archaean material; on the west side of Placer Ci-eek 
above its junction with Middle Creek it is mostly of Archean 
fragments, and elsewhere its constituents are the same as are 
found in the Grayback Wash, with the addition of somewhat 
larger, although variable, proportions of Archaean rocks. As 
already mentioned, the Terrace Gravel is leas conaolidated than 
the Griiyback Wash. It can be easily worked with picks and 
shovels and large amounts have been so handled. 

The height above the sti'eams is not so great but that in 
most caeea water can be diverted to the top of the terraces or 
flats, and this has been done in several instances. 

Thicknesg.— The deposit varies considerably in thickness, but 
averages at least fifteen feet. 

Gold Content. — The Ten-ace Gravel proved to be absolutely 
baiTen where composed entirely or mainly of Archean material, 
and no beds rich enough to yield gold in paying quantities were 
found on the west side of Placer Creek below its junction with 
Middle Creek, although all these deposits contained well rounded 
magnetite and other heavy sand. 

Auriferous Terrace Gravel ia found capping a low triangu- 
lar mesa near the junction of Grayback and Placer Creeks, on 
an extensive series of broken terraces eaat and south of this 
junction, and as small remnants of terraces at various points 
along Placer Creek between Grayback Gulch and the Sangre, 
principally on the east aide. 

The first of these localities, known as Officers' Bar and thi: 
Ebenezer Placer, is the richest and most extensive. It was 
worked many years ago by soldiers from old Fort Massaehusetta, 
on t'te Ci-eek, who left it a network of pita, and it is claimed 
that a prp.Tt deal of gold was recovered, but figures are now un- 
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obtainable. There is still, however, probably as much as twelve 
acree of unworked grouod, and this was sampled in many places. 

The lowei- five feet was found to average abont 90 centfl and 
the npper thirteen about 35 cents per cubic yard. As high as 
sixteen coarse colors per pan (about $1.75 per cubic yard) were 
found near bedrock in a pit on this ground on the east aide, 
which runs considerably higher in value than does the west side. 

The Colorado Gold Dredging Company owns all this ground, 
but has made no attempt to work it, confining all operations to 
the Becent Alluvium, under which head these are discuBsed. 

The gravel on the non-continuous terraces east and south 
of the junction of Orayback and Placer Creeks was also worked 
to some extent many years ago, but six samples show that it 
averages only about 20 cents per cubic yard. The bed is also 
thinner than on OflScers' Bar and the topography is so broken 
that a great deal of wooden flume would have to be built to get 
water upon it. The greater part of this ground is owned by the 
Colorado Qold Dredging Company. 

The Terrace Gravels further down Placer Creek are even 
less valuable than those last mentioned, with the possible ex- 
ception of a small terrace on the north side of Miller Quich, 
where it is claimed that Green Russell secured many thousands of 
dollars' worth of gold years ago. While there are abundant 
indications that work was some time done here, pans of the re- 
maining gravel failed to yield a single color. 

A small patch of this material on the west side of Placer 
Creek just north of the mouth of Kennedy Gulch was found to 
contain an unusually high proportion of large magnetite frag- 
ments and it was hoped that the gold content would also be 
high, but several samples failed to show a single color — one of 
many examples of the fallacy of the locally accepted idea that 
tfaese two substances always accompany each other in this dis- 
trict. 

Character of the Qold. — The gold found in the Terrace 
Gravel is identical in character with that described as occurring 
in the Grayback Wash in Bpanish Basin, but it averages some- 
what coarser, one flake weighing twelve milligrams. 

Age and Manner of Formation. — After the formation of the 
Grayback Wash there evidently ensued a long period of erosion 
with high stream gradients and little or no alluviation in the 
area examined. This rough-shaped the topography of the pres- 
ent day and was ended or interrupted by the deposition of the 
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Terrace Gravel. When this occurred is almost purely a matter 
of speculation, but these high gravels plainly represent deposits 
from overloaded streams swollen to dimensions much greater 
than are possessed b,r anj of the creeks now draining the dis- 
trict. As the Glacial Epoch was succeeded almost everywhere 
by an epoch — the Champlain — of heavy precipitation and swollen 
streams, it is at least poeeible that the Terrace Gravel was 
formed at that time. The deposit was doubtless originally con- 
tinuous all around the jnnction of Middle, Placer and Orayback 
Creehs and extended for some distance up each of these as well 
as down Placer Creek, Evidently the gradients of the streams 
were so great above these points that there was little or no over- 
loading and deposition of transported material, but near the 
junction referred to above the streams were close to base level, 
and the consequent decrease in velocity resulted in the deposi- 
tion of a great part of their loads. The mingling and confusion 
of the currents may have had some influence upon this result, as 
it almost certainly did in the formation of the rich pockets on 
Officers' Bar. 

The Recent Alluvium. 

Location. — This comprises the material in the beds of all 
the permanent and intermittent streams. The most extensive 
deposits are naturally along the largest streams- the Sangre and 
Placer Ct-eck below its junction with Middle and Grayback 
Creeks (see Plate VI). 

Character. — The nature of this material necessarily varies 
with the different drainage areas. The alluvium in Kennedy 
Gulch, Broncho Dan Gulch and along Middle Creek is entirely 
Archaean, while that in Placer (.'reek and near the mouths of 
most of its tributaries north of Middle Creek is composed of 
mixed .\rchean, sedimentary and igneous debris. The creeks 
and valleys further east contain practically no Archaean rocks — 
all are sedimentary or igneous. 

All are alike, however, in that they contain black sand (mag- 
netite) in large quantities, this mineral being so widely dis- 
tributed that a magnet drawn through the soil almost anywhere 
in the valley bottoms will pick up fragments which are usually 
well rounded excepting where their source was the Grayback 
Mountain mass. 

.\nother point of similarity exists in the fact that most of 
the streams show evidences of at least two, and probably three, 
stages of deposition when conditions differed quite materially. 
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This is indicated by tbe division of the alluvium into usually 
two and sametimeB three distinct layers. The lowest, of whose 
presence we have jiositive knowledge only in Grayhack Gulch, 
In Placer Creek below Middle Creek and in the Sangre below 
Placer Creek, and whose existence is therefore only conjectural 
in other cases, is somewhat flaer than the next overlying layer 
and contains fewer large fragments of magnetite than are found 
above it. It is locally, although erroneously, called the glacial 
bed. On toj) of this is a layer of coarser material which,"in the 
streams draining the Grayback Mountain region, contains small 
and large rounded fragments of magnetite, occasional pieces 
weighing up to several hundred pounds. In general it does not 
appear to be (|uite as coarse as the Grayback Wash or the Ter- 
race Gravel and is less consolidated than either. The uppermost 
layer is usually of loam and small, angular rock fragments. The 
permanent streams have cut their way through this and are 
flowing through the upper part of the underlying coarse gravel. 

Thickness.— Tbe lowest layer, where exposed, averages five 
feet thick, the middle varies from a few feet up to more than 
twenty feet, and the thickness of the top layer is so variable that 
it is hard to appi'oxinmte to an average. Four feet is probably 
not far wrong. 

Qoid Content. — The Hecent Alluvium was more carefully 
tested tiian cither of the other types of deposits, as it was rec- 
ogniKcd that it contained the most recent record and was most 
likely to furnish the best means of tracing the gold back to its 
source. It should be noted, however, that lack of time made it 
impossible to dig pits down to bedrock, so complete data on the 
richness of the deposits is unavailable. Advantage was always 
taken, however, of natural or artificial excavations already 
existing and the figures may lie i-egnrded, therefore, as fairly 
reliable. 

Kennedy and Broncho Dan Gulches and the north and south 
forks of Middle Ci-eek for a distance of nearly two miles Ivom 
the month failed to yield a single color. The same was true of 
Placer Creek and its tributaries above its junction with Middle 
Creek, and of Grayback Gulch above Buckskin Gulch, Spring 
Gulch. Mill Creek, Booth Gulch and the Sangre above its junc- 
tion with Middle Creek, although it is claimed that some gold 
has been found on the Kingre below the month of Willow Gnlch 
in pits now obliterated. The gulches south of the Sangre were 
also fonnd to be barren. 
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This narrows down tlie gold-bearing Recent Alluvium to the 
following streams and gulches: 

1. The Sangre from south of the southern limit of the area 
examined to the mouth of Placer Creek. 

2. Placer Creek from its mouth to the mouth of Grayback 
Gulch. 

3. Placer Creek from its mouth to the mouth of Ltuckskin 
Gulch. 

4. Buckskin Gulch. 

5. Willow Gulch. 

6. Spanish Gulch. 

7. <;iant Gulch. 

8. Stearns Gulch. 

The first two of these are continuous and practically identi- 
cal in character, so may be treated as one. 

TiiK Sanijuk-Lower Pi..\cer Creek Alluvium. 

Many samples were taken at different [>oiuts on both sides 
and in the ci'cek Led at depths varying from the surface to bed- 
rock, and these yielded up to sixteen coarse colors \ter pan, only 
three samples containing no gold. 

The Colorado Gold Dredging Company drilled twelve holes 
to bedrock during the summpr of 1909 and all yielded gold in 
paying quantities and proved that the deposit averages about 
twenty-two feet deep. The values were found, however, to be 
non-uuiformly distributed vertically, the flve-foot "glacial bed" 
containing the most gold — about 85 cents a cubic yard, which is 
present as coarse, unifonnly rounded grains. 

The lower three feet of the coarser gravel above averages 
about 65 cents a cubic yard, while the Hp|)er nine feet yields ap- 
proximately TiO cents per yard. The gold in this horizon varies 
greatly in size and shape, some flour gold being present as well 
as n very few nuggets up to an ounce in weight. Round and flat 
grains oue-eifrhth of an inch in diameter represent about the 
upper limit ordinarily to be expected. 

Overlying these is about five feet of the flue surface Alluvium, 
which contains little or no gold. 

The whole deposit from surface to bedrock may then be ex- 
pected to run close to CO cents a cubic yard. 

All the workable ground above described is owned by the 
Colorado (Sold Dredging Comi)any. which is incorporated as a 
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stoc-k ooiupan.T und«r the laws of Wyoming, Mr. Frank N. Camp- 
bell of Breckenridpe. MiBBouri, being President. 

As this company owns nearly three miles of the placer 
ground just dist-ussed and the average width of the workable 
deposit is at least three hundred feet it is a simple matter to 
figure that they hare many hundreds of thousands of dollars in 
sight along the two streams. 

Water level is struck at a depth of about five feet below 
the surface and there ia n sufBcient flow throughout the year to 
permit of continuous operation of dredges, one of which is now 
beiDg installed and is expected to be ready for work before the 
summer of 1910. 

(iUAVBACK GlI-CII BeLOW BuCKSKlN GULCH. 

This is practii-ally a vnntinttation of the areas just discussed, 
but only in the flrst seven hundred and fifty feet is it sufficiently 
wide and of a low enough gradient to make successful dredging 
{tossible. Above this flat ground the gradient averages nearly 
W}'< , the usual width is leas than fifty feet and the average depth 
ia about eighteen feet. 

In the lower part of the gulch the water level is about five 
feet lielow the surface and there are four or five feet of (he fine- 
grained, barren Alluvium overlying the auriferous gravel, so it 
was practically impossible to test the bcil thoroughly. In every 
case where the coarse magnetite bed was exposed there could be 
obtained from one to two coarse colors [>er pan, and it is very 
probable that the yield would be considerably belter nearer l>ed- 
rock, .\s the distance from the mouth of the guhli increases the 
thickness of the fine, barren overburden decreases and Hie yield 
within five feet of the surface is from two to five colors |>er |>an, 
Stull further up the barren Alluvium disapiieara and the deposit 
then pans well from the grass roots down. 

The Last Chance Placer (Plate IX, It.) at and below the 
junction of Grayback and Buckskin Gulches is of this character. 
Each pan taken at from one foot to six feet fr<tm the surface con- 
tained two coarse colors, and below tliis the yield was from three 
to five colors a pan. Just above bedi'ock is a layer of sticky clay 
eighteen inches thick, which is very rich in cuarse gold, three pane 
yielding, respectively, twent.v-one, twenly-flvc and thirt,v-six coarse 
coloi-s. Xupgets worth as much as $2.tl0 have been found in this 
clav. but it forms "sluice rubber" and is hard to handle. Values 
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also are found in crevices in the bedrock, but are, naturally, 
difficult to recover. 

The gold found here is coarse and is apt to be quite rounded, 
probably not by attrition, as later discussed. One peculiar and 
aigniflcant feature is the occasional occurrence of particles of 
gold telluride-calaverite — at this place, gometimes a grain is 
part metallic gold and the rest telluride, bearing a strong re- 
semblance to some of the particles contained in partially oxidized 
Cripple Creek ores. 

Although the best values lie within three feet of bedrock 
it appears that the whole guloh will average 50 cents a cubic 
yard, although the atnouut of barren overburden at the lower 
end may somewhat decrease this figure. 

The water supply is so limited that continuous operation 
is possible only in the spring, but by constnictiog- reservoirs it 
would be possible to work intermittently all summer. 

This placer is controlled by Mr. Wui. V. Casey of Boulder, 
Colorado, who has leased it from the Trinchera Estate on a 10% 
royalty basis. He spent the summer of 1909 in cleaning out old 
pits and testing the extent and regularity of the gravel, the 
work being conducted with a small giant. These operations are 
to be continued throughout the summer of 1910, and, if the 
results are satisfactory, reservoirs will then be constructed and 
targe giants installed, Mr. Casey is well satisfied with the show- 
ing already made. 

Most of the ground below the Last Chance Placer is owned 
by the Colorado Cold Dredging Company, 

Buckskin Quick. — This might be considered a continuation 
of Orayback Gulch, as it certainly is of the auriferous deposit 
found therein, not a trace of gold being found in Orayback north 
of Buckskin Gulch. The deposit in the Buckskin does not av- 
erage more than six feet deep and is very narrow, but contains 
gold from grass roots to bedrock in quantities equal to or 
slightly greater than are found in Grayback. The very steep 
gradient — over 20% — and complete lack of water except in the 
spring would, however, effectually prevent the economical hand- 
ling of this material. 

WHlotc GuIc/i.^Here is located what is undoubtedly the 
richest placer deposit of any size in the district. At the upper 
end of the gulch the gold-bearing ground averages eight feet deep, 
yields from two to eight coarse colors at grass roots and twenty- 
flve to ninety at bedmck. Slost of the gravel is so rich that a 
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lard gmil cover filled with the liner stuff would give several colors. 
The presence of a Imrreo or low grade overburden of fine Al- 
luvium in the lower part of the gulch decreases the richness 
there, hut gold is present, seemingly in paying quantities, clear 
down to the Sangre. a distance of about two miles. 

The width of this dejiosit will hardly average fifty feet, 
however, bo it was iaipossible to show it on Plate I because of 
the small scale there used. 

The gold is all coarse and occurs in round and flat grains 
and as wires. Some faint indications of crystallization were 
noted, and grains of pyrite and oalaverite were present. These, 
together with the sharpness of some of the grains, would seem 
to indicate that there has been little transportation of this ma- 
terial. Large quantities of magnetite, both as sand and lai^ 
fragments, are present. 

The richness of this deposit has been common knowledge in 
the district for years, and a small area at the head of the gulch 
has been worked by sluicing. A small giant was there installed, 
but never operated. The almost complete lack of water at any 
time but in the early spring explains the inactivity of those cog- 
nizant of the presence of the gold. There is, however, a per- 
manent stream in Stearns' Gulch, and water cuuld be brought 
to Willow Gulch through a ditch about one and one-half miles 
long. This has been attempted, but the gradient was not sufli- 
cientty high and little water was delivered. 

The construction of such a ditch would be a rather exjtensive 
undertaking, as it is thi-ough thick, small timber most of 
the way, and there would doubtless be a great deal of seepage 
loss, so it is probable that the process ultimately adopted to 
reclaim the values will be some form of dry concentration. 
Euough power for this purpose could be generated from the 
Sangre or Stearns' Creek and the heavy sands could lie shipped 
or the magnetite separated therefrom electro-magnetically. 

A good road has been conBtructed to within one-half mile 
of the head of the gulch. 

.Spanish Gulch. — This Alluvium, which is found near the 
mouth of the gulch, was probably the first worked in the district, 
but the bed is narrow and shallow and the gulch is dry most 
of the year. Hence it is not a very attractive proposition, al- 
though it runs better than 50 cents a cubic yard. The gold is 
undoubtedly derived from the Grayback Wash in Spanish Basin. 
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The Spaolsh Basin Piacer Companj-, which dow owns or 
controls this ground, had solved the water problem by the con- 
struction of the long ditch already mentioned, but were coDflning 
their efforts to other richer or more extensive deposits. 

Giant Gulch. — Near the head of Giant Gulch the Spanish 
Basin Placer Company is working a giant on gravel ten to twelve 
feet deep that averages 70 cents a cubic yard, (Plate IX, A.) As 
they have a good head of water and a large amount of aurif- 
erous ground, the width of the deposit increasing as the head 
of the gulch is approached, there seems to be no reason why 
successful operation should not be possible. 

G. Jantz and G. A. Andrews worked the lower end of this 
gulch by ground sluicing during the summer of 1909. They used 
the overflow water of the Spanish Basin Placer Company above 
and worked by permission of this company, which controls the 
whole gulch. The sluices caught some coarse gold, but the steep- 
ness and narrowness of this part of the gulch and the narrow- 
ness of the bed made work difficult. It is doubtful if the work 
was very profitable, although figures were unobtainable. 

The gold in Giant Gulch, like that in Spanish Gulch, was 
undoubtedly derived from the Grayback Wash in Spanish 
Basin. In fact, a finger-like projection of the Wash itself ex- 
tends for some distance down the gulch. 

Both fine and coarse gold is present and most of it is well 
rounded, but some is sharp-edged or flaky. A little calaverite 
was found and one particle was half calaverite and half metallic 
gold. 

Steams' Gulch. — Careful testing of this gulch yielded a 
single fine color from gravel three feet below the surface one- 
(piarter of a mile above the Mountain View Mill. 

Age and Manner of Formation. — After the formation of the 
Terrace Gravel there must have been a slight tilting to the soutb- 
ward or some other change which would cause the streams to 
cut their way down through these deposits to a point as low or 
lower than any previously reached. A slight northward tilting of 
the area or some other change which would decrease the velocity 
of the streams then ended this erosion and nshered in an epoch 
of deposition which has probably continued almost uninterrupt- 
edly up to the present time, resulting in the formation of the 
Recent Alluvium. 

The three distinct layers into which this material is divided 
are doubtless due to changes in the amount of precipitation and 
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coDBequent eroeioii, these being aov at a miDituum, since no 
grains of gold ai-e now carried far from its source and large 
fragments of rock are transported onlj' during brief periods of 
high water. The fine, barren ADuviam which covers much of 
the auriferous gravel is undoubtedly partially the result of sheet 
erosion of the hillsides during rainstorms, partially a wind de- 
posit, and, to some extent, vegetable mold. 

Source of the Gold. 

That Orayback Mountain is the source of all the placer gold 
in the district must be evident to anyone who carefully considers 
the facts already stated. Not only do Grayback, Buckskin and 
Willow Gulches — all gold bearing — bead in or near this moun- 
tain, but Btearns' Gulcb is so situated that there is no doubt but 
that it carried some drainage from Grayback when the mountain 
was somewhat higher than at present. In fact, all of the larger 
streams or gulches draining the Grayback Mountain area, with 
tbe possible exception of Booth Gulch, are auriferous. Booth 
Gulch is broad and flat and contiiins so much fine Recent Al- 
luvium that it was impossible to penetrate to the ordinarily 
auriferous coarser material. Its relative shallowness would in- 
dicate, however, that it is of i-eceiit origin, and it may, then, 
never have carried drainage from Grayback Mountain. 

Not only is it a fact that all the larger streams or gulches 
which now drain the Grayback mass dii-ectly or indirectly, or 
which have recently done so, carry gold, but it is equally true 
that not another streum or gulch in the area does so, thei-efore 
the conclusion above stated ap)>eiirs inevitable, 

Tbe pi-esence of the easily alterable telluride in the Grayback 
Wash may seem to indicate proximity to the source of the gold, 
but it is quite iwssible that the calaverite was brought thither 
in a fragment — since disintegrated — of the Grayback Wash which 
fills the head of the gulch and the basin aI)ove. That some pro- 
portion of the fragments contain thin auriferous veins is theo- 
reticall.v quite certitin, although none were seen, 

Fl.VENESS OF THE GOLD. 

All the gold i-ei'ovei-ed by panning was carefully saved in 
order that its fineness might be determined, but an accident scat- 
tered it beyond iKissibility of recovery before the analysis could 
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The testimony of old reeidenta of tUe district is uniformly 
to the eiFect that the gold is unusiinllir pure, and the very low 
silver content of the lodes later discussed would seem to make 
this condition probable, 

Ewplanation of the Size of the Grains. — The coarse, rounded 
gold grains and nuggets found in the "glacial bed" and, to a 
lesser extent, elsewhere, probably existed originally as particles 
no larger than those now found iu the beds tibove, but have been 
enlarged by accretion, that is, by the deposition iirouod them of 
other gold brought in solution throughout nil the time since they 
were dropped in the stream bed. The rounded appearance of 
many of the smaller grains in localities near Grayback Mountain 
may quite possibly be due to the same agency, since they have 
hardly been transported a sufficient distance to be rounded by 
attrition. 

The [(ossibility of this "growth" of gold nuggets is well es- 
tablished, and this seems to be the logical explanation of the ob- 
sei-ved facts. 

It is quite probable that this agency is active in enlarging 
the gold nuggets at the present time, hut the heavy mantle and 
the unimportance of erosion and other mechanical processes of 
disintegration would tend to minimize the amount of gold now 
conti-ibuted in this way. 

Heavy Sands. 
A peculiarity of the Alluvium, excepting that along streams 
which drain Arcbean areas exclusively, is the high percentage 
of heavy minerals. These include not only the ever-present mag- 
netite, but also garnet, epidote, spinal, highly ferruginous sand- 
stone and other heavy minerals. This naturally greatly increases 
the difficulty of separating the worthless material from the gold 
that ma.v he associated therewitli. 

THE LOm^H. 

A brief examination of the geology of the district suffices 
to establish the probability of the presence of the following 
types of ore deposits: 

(1) Contact Deposits. 

(a) Archaean-Carboniferous contact. 

(b) Sedimentary-igneous contacts. 

(c) Archaean-igneous contacts. 
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(21 FublliiinOs (iiiiiiregnated Bcliists). 

\'d} Fissure veios, sheeted zones, etc. 

(4) Mineralized dikes. 

(5) Metiimorjihosed bedded deposits, 
(ti) Miseeltaneous deposits. 

Contact Ue posits. 

Aretiavani'aihoiiifvrous cuiitact. Tliis coutfiit inns in a 
fairly stmight liiie through the eutii-e western half of the area 
examined, the strike approximating about N. 25° W. 

lu most placefl the contact is nearly vertical, and exposures 
show slickeusides and thick streiiks of gouge, indicating that 
faulting has made this a line of veaknesa and a passage-way for 
solutions — possibly ore-bearing. 

I'rospectors early recognized the possibilities of this con- 
tact, and have worked upon it to a considerable extent. Be- 
ginning near the southern edge of the section and going north- 
wai-d, the beat expoeures are found in the Copper Queen and 
lilue ilird shafts, an open cut above the t:>ilver Tip Mine, and 
in several shallow holes in, and north of Flume Uulch. The 
Blue Bird was the only one of these operated during the sum- 
mer of 1909. 

The investigation of the gold bearing characlep of the 
streams gave no gi-ounds for expecting to find gold along this 
contact, but it was examined and carefully sampled in the event 
that it might contain copiwr, and perhaps silver and other valu- 
able metals. 

A mineralized zone exists apparently almost everywhere a 
few feet above (to the east) of the contact, in the Carboniferous 
rocks. Abundant slickensiding, nunieroiis nearly vertical par- 
allel cracks, and a thick layer of gouge (often black) indicate 
considerable fanlting, as previously stated, and the sheeted zone 
thus formed varies from a few inches to several feet thick. 

This zone is copper-bearing wherever exposed, malachite 
and ii-on-oxide staining the surface croppings, and chalcocite and 
chalcopyrite appearing in scattered patches at depths of twenty- 
five feet or more. Although occasional pockets yielding good 
assays for copper and some silver have been found, the amount 
of this high-grade ore is always so small that there is no pos- 
sibility of mining it at a profit. No traces of any valuable 
metals but copper and silver are present. 
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The copper minerals appear in the cracks of the sheeted 
zone, ID the interstices of the porous sediments, and seem in 
some places to have replaced part of the inKredients of the 
latter. Exposures are not sufOcientl; numerous to make it [>os- 
sible to determine the iufluence that the varying Arcliean and 
Carboniferous below and above the contact may have uihui the 
ricbnesB of the deposit, but a tendency toward a widening of 
the sheeted zone in the harder sediments was noted. 

The cupriferous minerals were probably deposited from up- 
ward working aqueous solutions, and the presence of unaltered 
sulphides close to the surface leaves no grounds for hoping to 
find secondary concentration or enrichment with depth, 

Scdimcntary-igncous contacts, in many districts productive 
ore bodies are found at the contact of igneous and sedimentary 
rocks, and the variety and extent of the intrusions in tiie area 
examined, and particularly in the Orayback Mountain region 
from which the placer gold came, made it appear likely that ore- 
bearing contacts of this type would be found there. This possi- 
bility was long ago recognized l)y prospectors, and scores of 
pi-ospect shafts or cuts ore locates! on such contacts; in fact, 
few are found elsewhere. 

Most of these contacts contain from a fraction of an inch 
to a foot or two of soft, oxidized, hydrated vein matter with 
some gouge, and are often slickensided on one of the walls, but, 
«-ith one exception, not a vein of this character assayed more 
than a trace of gold or silver, and most of them are absolutely 
barren. 

Several veins of this type are exposed at the contacts of 
mo nzonite- porphyry, or of felsite, and limestone in the l"p])er 
-Miignolia, the Last Chance, and the Midnight Mine, which seem 
lo have been opened mainly in tlie hope of finding ore in this 
position. 

The one known exception to the statement that this tyite of 
vein is valueless is found in the Hidden Treasure mine on the 
eiistern slope of Orayback Niountain. This vein is at the contact 
of limestone and monzonite- porphyry, is very ferruginous (hema- 
tite), and is fully three feet wide. A sample taken across the 
whole vein yielded f6.80 in g(ild and J. 05 in silver [ler ton. and 
higher assays are said to have be«^n obtained from other parts of 
the deposit. The country rock on each side of the vein was 
sampled, with the result that the hanging wall was found to 
lOntnin a trace of gold, while the fcot wall is barren. 
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Atvhaean-iffneous contacts. While not a/ numerous as the 
last class, there are a Dumber of these contacts iu the weeterD 
part of the area, but none were found to contaia a trace of pre- 
cious metals. 

TIlustratioDB of this type are to be seen in some abandooed 
adits on a felsite-gneiss contact on the hill north of Broncho Dao 
Gulch. 

FAHLBANDS, 

On the north side of Kennedy Quich, an adit has been 
driven for one hundred and fort; feet along a sheared zone of 
biotite schist, which is impregnated with limonite and calcite, 
and contains some plastic gouge, but not a trace of any valuable 
metal. While not a true fahlband, in that sulphides are absent, 
it 18 quite possible that these would appear at depth. 

Of a similar nature are the copper impregnated ampbibolite 
schists and gneisses on top of the small ridge northwest of the 
junction of Placer and Middle Creeks. Although heavily stained 
with malachite and containing numerous small particles of chal- 
copyrite, their copper content is too low to permit of profitable 
working, and they contain nothing else of value. 

Copper stains are also present in the granite- gneiss on the 
southern exposure of the ridge between Kentucky Gulch and the 
small gulch to the southward. 



The exploration of igneous-sedimentary contacts has inci- 
dentally revealed a considerable number of fissure veins, many of 
which are barren, while some contain good ore. So far as is 
known, these fissure veins are present only in the Grayback Moun- 
tain region, but even there the outcrops are completely hidden 
under a thick cover of wash, and it is not unlikely that other veins, 
similarly concealed, exist elsewhere in the district. The distribu- 
tion of the placer gold is, however, a convincing indication of the 
non-existence of precious metals in these possible veins. 

Two distinct varieties of fissure veins are distinguishable: 
one steeply inclined and with oxidized filling, and another of 
blanket tyjte containing sulphide ore. 

The first are in general wider than the second, the maximum 
being about four feet, with a minimum of an inch or two, A 
sheeled zone is usually developed instead of one or two clean-cut 
fissures, slickensides show throughout the vein, gouge is often 
present along one wall, and the walla are sharply defined. The 
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vein flUhif!; is tliua liu'pel.v frii(;iiient8 of country rock, much hy- 
drated and wiftuned and often iron stained. 

In the tireast of the adit of the Hidden Treasure Mine a four- 
foot sheared zone of this character is exposed. This contains only 
a trace of gold. 

In the Hoinestake Tunnel there is a twelve-inch vein of this 
type which cuts the main tunnel and a crosa-cut- This, together 
with a six-inch vein separated from the larger one by eighteen 
inches of liarren rock, assayed |1.60 in gold and |.25 in silver per 
ton. 

A vertical two-foot vein cutting monzonite-porphyry two hun- 
dred and fifty feet from the motith of the Excelsior Tunnel is com- 
posed of very soft, somewhat calcareous material. This was 
sampled by panning; and yielded several coarse colors to every 
pan. 

Many other veins of this character were sampled, but ai! 
failed to give more than a trace of gold or silver, and most 
wei-e shown to he absolutely barren. 

The flat veins are not only narrower than those that are 
steeply inclined, but they are also decidedly less common. Tbey 
are filled solidly with u a crystallized iron sulphide (FeW„), 
which may be either msircasite or pyrite, the appearance sug- 
gesting the former. In some cases a single cleanly cut fissure 
without slickensiding, gouge, or other evidences of faulting is 
involved, while in other instances the forking of such a fissure 
has resulted in the formation of two closely contiguous veins. 
Occasionally small veinlets of the sulphide diverge from the 
larger vein, or form a network between two veins, but the wall 
rock is neither altered nor mineralized, and in every case shows 
a sharply defined junction with veins and veinlets. All these 
veins are marked by a noticeable uniformity of width. 

The only deviatiou from the last mentioned statement that 
has lieen so far discovered was noted in a nari-ow streak exposed 
in the l'pi>er Sunnyside Tunnel near the bottom of a winze con- 
necting wilh the lower adit. At this point a pocket containing 
about a cubic yard of copper-stained galena was enomntered. 
This yielded $22.00 in gold and $14.25 in silver to the ton, the 
percentage of lead being undetermined. This is the only re- 
ported occurrence of lead ore in the district. The silver content 
is unusual for this area, but is. of course, a common feature of 
lead ores. 
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.Another interesting illuatration of this type is shown in the 
Homesinke Tunnel, where a one-half and a three-eigfaths-inch 
streak of sulphide are separated by two feet of limestone. It 
dips towards the west at a small angle. A sample taken from 
both veins contained gold and silver at the rate of $110.00 and 
|.35 per ton respectively, and the vein let- pierced limestone be- 
tween the two veins yielded f6.80 in gold and |.09 in silver per 
ton. The limestone below the lower and above the upper vein 
was sampled and proved to be barren. Basing the calculations 
on the abo\'e figures, it is seen that it is here possible to mine 
two feet of sulphide and limestone which would run better than 
ft 0.00 per ton. 

At other points in this mine the vein just described trav- 
erses diorite instead of limestone, but its character and richness 
are unchanged. 

A half-inch seam nf this type exists in the Magnolia No. 1, 
but it was not sampled as it would be impossible to work such 
a streak at a profit unless it were phenomenally rich, and pre- 
vious assays had proven that this ia not the case. 

Infiuence of the Wall Rock Upon the Vchis. — So far as ob- 
served, the nature of the wall rock has no influence upon the 
siRC, appearance or richness of the included veins, one vein often 
traversing limestone, igneous rock and metamorphosed shale or 
other sediments without change in these respects. 

Age and Genesis of the Fissure Veins. — The veins were ob- 
served to intersect all the varieties of the Carboniferous sedi- 
ments excepting the felsite. and must therefore be younger than 
all these with the exception of the last, that is, Post-Eocene. No 
fissure veins in felsite wpre found, nor were any such veins trun- 
cated by felsite flows, so the relative age of the two could not be 
positively determined. 

It seems certain that the two types of veins must have been 
formed in different manners and at different times, but no inter- 
section of them and faulting of one by another was noted, so 
positive evidence of their relative age is also lacking. It seems 
possible, however, to fix the most probable age of at least one 
type by correlating it with other phenomena of known age. 

The lack of all evidences of faulting in the flat veins points 
to a method of origin indei>endent of orogenic movements, and 
we find such .an agency ready at hand in the stresses that must 
have accompanied and followed the intrusion of the great 
masses of igneous rocks now found In the area — doubtless but 
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a small pni-t of tboee originallj existing there. JuBt what the 
mechanics of the operation were is uncertain, but there ia tittle 
doubt but that the flesures, perhaps originally vertical — the 
more common position, formed as an accompaniment of the iit- 
tmsion and cooling of the magmas, and that the openings thus 
formed were subsequently filled with auriferous sulphide and 
small amounts of telluride, possibly brought upward from the 
still UDSolidifled rocks at greater depths. Pertinent to this point 
is the fact that the majority of the igneous rocks contain con- 
siderable tjuantities of primary sulphides. No attempt was 
made to detect gold in these rocks by any methods other than 
those used in ordinary assay operations. 

The other type of veins is so evidently closely connected 
with mountain making movement^ that it is easy to place its 
age at either Post-I^aramie or Post-Miocene, when such move- 
ments took place in this area. As to which of these epochs is 
the more probable, it ie apparently impossible to say. The 
greater alteration of these veins as compared with the sulphide 
type may be doe to greater age, but it may be, with equal prob- 
ability, the result of their greater width and vertical position, 
which would permit of comparatively easy alteration by down- 
ward working surface water. 

The positive fiohition of the problem must await the dis- 
covery of additional data, although a feature to be discussed 
later seems to point to Post-Miocene age as the most probable. 

Enrichment ^\"ltll Depth. — Only the vertical, oxidized type 
of veins are of a nature favorable to the exiRtence of secondarily 
concentrated deposits at depth, but the metals which often accu- 
mulate below the oxidized zone — copper, silver, lead and zinc — 
are rare or lacking hei-e, so there is little probability that any 
material enrichment will be encountered below the present work- 
ings. 

Mineralized Dikes, 

Many of the igneous rocks of the district contain pnmary 
sulphide, as has been stated, and a few are so soft and hydrated 
as to indicate that they have been passageways for water. Sev- 
eral of those which appeared most promising were sampled and 
assayed, but proved to be barren. 

MCTAMORrHOSED BeDDED DEPOSITS. 

Under this head are included the iron mines, the geology 
of which has lieen discussed in another chapter of this bulletin. 
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The deptait, which averages perhaps six and one-half feet 
thick, has been found to contain (an average of four analyses) 
53.78 per cent, of metallic iron and .931 per cent, of phosphorous. 

In the Ainsworth or Star of the West mine a sample 
of a copper-stained streak two to six inches wide, and com- 
posed largely of calcite stained with iron oxide and copper car- 
bonate, yielded assays of f 9.92 in gold and |.08 in silver per ton. 

A sample clear across the iron deposit yielded t2-90 in gold 
and f .10 in silver per ton, while similar samples from the Upp^ 
Star of the West and the iron vein above the Lucky Tunnel 
yielded |3.20 in gold and (.25 in silver, and f4.00 in gold and 
f.06 in silver per ton, respectively. 

From this it may be seen that the whole iron deposit is 
gold bearing, bnt the low grade and peculiar character of the 
ore have combined to prevent its development as an ore of the 
precious metals. The large quantity available and its nniformly 
auriferous character should serve to stimulate experimentation 
with a view of using it as an ore of both iron and gold. 

MlSCHLLANEOUS DEPOSITS. 

Under this head may be placed the so-called "chimney" in 
the Mountain View Mine. The ore-shoot there is roughly funnel- 
shaped, with an elliptical horizontal cross-section. The stope 
from which ore has been removed is formed something like an 
old fashioned bee-hive, and measures thirty feet east and west, 
twenty-four feet north and south, and about forty feet high. 

The ore body is a brecciated monzonite-porphyry, the frag- 
ments, which are several inches across in some cases, being 
cemented together by siderite and limonite, the latter carrying 
the gold. The whole mass runs somewhat better than |10.00 
per ton in gold. 

This deposit is at the intersection of two obliquely inter- 
secting sheeted zones, which strike (magnetic bearings) ap- 
proximately N. Ti" W. and S. 2ti'' E., respectively, the dips being 
79° N. for the first and 86° S. for the second sheeted zone. 
Faulting along a large number of planes which intersect at an 
angle of about 48° has, perhaps, produced the brecciation which 
is more noticeable as the surface is approached, the lessened 
pressure and cohesion naturally tending to produce this result. 
Later, the gold bearing minerals, doubtless sulphides of iron, 
were deposited in the interstices between the fragments, prob- 
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ably from nscvnding Bolutions. Still later, desrending eiirfiice 
water has oxidized the iron. 

The richness of the deposit is said to decrease with depth, a 
condition which may be largely due to the smaller number of 
crarka and the consequent decrease in the proportion of limonite 
there found. 

Conclusion. 

Gold certainly exists in the region, but in most cases llie 
deposits are either too limited or too low grade to be profltnbly 
worked; they must await improved and rheajwr methods of min- 
ing nod extraction before they can l>e handled to advantage. A 
few deposits might be worked now if milling and shipping con- 
ditions were more favorable or very small profits were ac- 
ceptable. 

Future activity should be confined to the (irayback Moun- 
tain region, as other portions of the area are almost certainly 
barren, and time expended ui)on them is practically sure to be 
wasted. The finding of larger or higher grade veins there is 
sufficiently within the bounds of possibility to make future 
senrch for them attractive, but the amount of work already done 
there without uncovering anylhing really attractive must tend to 
discourage such work. 

The placer deposits are undoubtedly the chief immediate 
asset of the district, as they certainly contain large amounts of 
gold sufficiently concentrate*! to allow of profitable recovery, 
while at least nlong some of the streams conditions appear favor- 
able for their development. 
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CllAPTKR VIII. 



MINES AXD MINING PROCESSES. 
H,v Arthur -T. HoHkin. 

Tlie eai'iieat knowledge of tlie pi-esence of metals in tUis 
region was several ,veiir« prior to 1875, when the Hajden Expe- 
dition travei'sed the snntherti part of Colorado. The report of 
that Sune.v makes mention of the recovery of gold from allu- 
vials in Placer and (irayback Creeks. In thoBe days of Indian 
outbreaks there wiis a government fort niaintained at what is 
now the town of Fort Oarland. The soldiers there stationed, it 
would apitear. had knowledge of the vahiea in the gravels men- 
tioned and, for a time, a prominent bar or bench of this ground 
lying at the confluence of the two creeks was handled, in a very 
small way, for the recovery of gold. This piece of land ia still 
known as "Officers' Bar." Later on the same ground was 
attacked by Chinamen, it is said, with very satisfying resulls. 

S(|Matters were not, however, )>ermitted to continue tlieir 
operations very long, for in 1877 The Trincliera Estate authorities 
stopiied all kinds of mining oi>erations within its holdings. Up 
to this time the owners of the Estale had received no income 
from o])eralions. Feeling that the ground was worthy of mineral 
development, it was deemed proper to devise methods whereby 
pro8|)ectors could locate and secnre mining claini!). Under cer- 
tain restrictions, therefore, the domain was opened to location. 
These rules then inaugurated have undergone improvements until 
they now present features which are worthy of duplication by 
the Department of the Interior in disposing of the mineral lands 
of the National I'ublic T>oniains. 

['nder the rules which now govern, the mining lands in The 
Trin<'hera Estate are ojicn to location u[)on very much the same 
plan its prevails with similiir lands upon Ihe Public Domain. 
Lode claims are laid out '■Wi feet wide by 1.50(1 feet long. While 
there is no siieciflc stated objeclion to the laying out of angular 
claims, a reference to the accompanying mai> will show that no 
lode claims have been laid out in sncb a form. This noticeable 
distim-fion prevails: a locator can claim only l,i)0O feet of any 
vein or lode. When the claim is surveyed — and this i«irt of the 
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work is always performed by the Estate's engineers — so-ealled 
extensiODB are surve.ied at each end of every lode location. These 
are retained by the Estate for subsequent sale or operation. Four 
such extensions have been sold. 

rpon the completion of prescribed amounts of development 
work upon a lode claim, the claimant may requ^t an official ant- 
vey for patent. The engineer for the Estate performs the duties 
thiit correspond to those of the United States Surveyor-General; 
but, In addition, he has charge of the field work. This being the 
case, there are never any disagreements as to bearings and lengths 
of lines, nor any question as to overlapping claims. No apex con- 
troversies can ever arise. There are no excessive surveying fees 
possible. The disgusting delays due to "red tape" or to inefHcient 
clerks — delays which nearly every mining man has experienced 
when patenting lands on Government Domain — are impossible in 
the Trinchera Estate. 

Single placer locations are limited in size to 20 acres. The 
Estate retains no extensions of such claims. Locators may take 
up as ninny placer claims as they desire, and they may be con- 
tiguous or disconnected as desired. Locators may also file upon 
as many lode claims as they can develop, but these claims cannot, 
of course, lie end to end. 

The Trinchera Estate, whose ofiices are in Colorado Springs, 
publishes a pamjihlet detailing the Rules governing the Location 
and Purchase of Mining Claims, and copies may be had for the 
asking. 

I'pon the Map of the Mining Claims which accompanies this 
report, all patented claims are designated by either initials or 
their official survey numbers. Below ai-e given the names of all 
claims so labeled. 

Prior to the adoption of the present scheme of allotting and 
selling mineral rights, the few claims which were patented were 
designated merely by Iheir location names. These claims are 
given uiion the map by Initials, as follows: 

H. T. Hidden Ti-eaaure. 

HB. Ilomestake. 

L. C. Last Chance. 

M. Magnolia. 

S. W. Star of the West. 

BS. Suunyside. 

These pioneer claims are all located upon Grayback Moun- 
tain, in Section 18. Township 28 South, Range 70 West. 
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uniubers. 



8A 
10 



U 
15 



20 

21 

22A 

23A 

24 

26 

27 



63 
6G 



8ec. TowD. Raage. 



28 
28 



28 

28 
28 



70 
70 



other iMitented claims in tbi» region nil bear survey 
ns follows: 
Name. 

Badger State No. 1 Placer 26 

Hadger State No. 2 Placer 26 

Badger State No. 3 Placer 23 

Badger State No. 4 Placer 36 

Badger State No. 5 Placer 3« 

Virtue 

Excelsior 

Double Staudard 

Rock and Rye 

Magie E 

Golden Ago 

Climax 

Monte Christo 25 

Snow Flake 25 

X. T. C 36 

Otero No. 1 Placer 36 

Otero No. 2 Placer 1 

Oold Bug 18 

John Moore 13 

Lucky 13 

Mountain Pink 18 

Star of the West No. 2 18 

Climax Xo. 2 13 

Midnight 18 

Red Bird 18 

Dewey 13 

Copper King 7 

Gertrude 7 

Clorine 7 

Maniarth 7 

Ijast Chance No. 2 7 

Millie G 7 

Copper 13 

Pride of the West 18 

Lucky GuBS 7 

Midnight No. 2 13 

Barbara W 7 

Barbara W. No. 2 18 

Midnight No. 3 18 
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Sur. No. Name. Sec. Town. Range. 

71 Blue Hell 13 28 71 

73 Independeiioe No. :t 18 IJS 70 

74 Lone Star of llie West 26 28 71 

S3 Mountain View No. 1 18 28 7)1 

84 Mountain View No. 2 IS 28 70 

85 Mountain View No. 3 IS 28 70 

88 Snow Drift 13 28 71 

89 Lizzie G. No. 1 7 28 70 

90 Lizzie «. No. 2 7 28 70 

01 Lizzie G 7 28 70 

92 Paul H 12 28 71 

93 Daisy 12 2S 71 

101 Merrimac 18 28 70 

105 Mountain View No. 4 18 28 70 

113 RoBSville No. 1 7 28 70 

114 RosBville No. 2 7 28 70 

115 RoBBville No. 3 7 28 70 

118 McPherson 12 28 71 

119 Wishbone 18 28 70 

120 (iilt Edge '. 18 28 70 

124 Snnda.v No. 1 18 28 70 

125 Sunday No. 2 18 28 70 

126 Hub Hull 35 28 71 

128 Russell No. 1 1 2» 71 

131 Rico 36 28 71 

132 Blue Jay 36 28 71 

133 Rico No. 1 36 28 71 

134A Alpha No. 1 Placer 36 28 71 

135A Alpha No. 2 Placer 36 28 71 

l.lfiA Omega No. 1 Placer 25 2S 71 

137A Omega No. 2 Placer 25 2S 71 

138A Beta No. 1 Placer 25 28 71 

139A Beta No. 2 Placer 25 28 71 

140A Denver Placer No. 1 26 28 71 

141A Denver Placer No. 2 26 28 71 

142A IVnver Placer No. 3 26 28 71 

143 A Denver Placer No. 4 26 28 71 

144 A Denver Placer No. 5 23 28 71 

145.^ Denver Placer No. 6 30 28 71 

146A Denver Placer No. 7 1 29 71 

147A Denver Placer No. 8 1 29 71 
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Sup. No. Naiiip. Spc. Town. Range. 

151A KIdorado No. 1 Placer 24 28 71 

152A Eldorado No. 2 Placer 13 28 71 

iri3.\ Lucky Seven Plater 2i 28 71 

lolA Lucky Seven No. 2 Placer 23 28 71 

Oiiii^iiionH in the numerical series are readily accounted for 
when it is remembered that the region under description is but 
a poi-tion of the entire Trinchera Estate throughout which this 
system of numbenng prevails. 

The map shows, also, a number of claims bearing no labels. 
Thene are placers as well as lodes, and are held as locations, 
only. The placers can be distinguished from tbe lodes by the 
greater extents. No attempt is here made to give the names 
of these claims, since many of them will probably never com- 
plete the deeded title. 

The lode claims which appear upon the map with broken 
boundary lines are so-called extensions. These claims are re- 
tained by the Trinchem Estate, and they effectually preclude 
any locator from obtaining more lode length than will be con- 
tained lietween his two ends, or practically, in all cases, about 
1,500 feet, i^hould the development by an owner of a patented 
claim prove a worthy lode, the Estate receives a certain benefit 
in the shape of its possession of the lode's continuation, as is 
discussed elsewhere. 

Some of the very early patented claims were allowed to be 
but 1,000 feet in length, the company retaining 500 feet at one 
end as its extension. This applies to the Last Chance, the ex- 
tension of which is designated upon the map, L. C Ex. 

Gold Placers. 

Tbe washing of alluvials for gold has been, as already 
stated, one of the features of mining in this region for years, 
and promises to be a very prominent industry in the future of 
this country. 

In 1898 The Badger State Placer Jlining Company built the 
large steam shovel and gold-saving slructui-e shown in Plate 
VIII, A. This machine, pretentions in its day, was in- 
tende<] to handle l,Ofl() to 2,000 cubic yai-ds of gi-avel per day. 
There was little knowledge derivable from experience in such 
matters at that time, so it is little wcnider that unforeset'ii de- 
fects in mechanical construction and gold-saving apparatus pre- 
vented continuous and successful operation of this machine. 
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The steam shovel, of dipper type, diBchat^^ed each load into 
a revolving sci-een. Here the gravel was disiot^rated and 
washed by jets of water, the undersize being conducted thenoe 
through a riffled sluice thi'ee fwt wide and thirty feet long. As 
the shovel brought up about one cubic yard at a time, the ap- 
paratus would one moment be congested with the dirt, while a 
few moments later the screen and sluice would be running 
empty. Even under such conditions it ia reported that this 
device treated about 2,700 cubic yards, from which was obtained 
an average yield of 24.6 cents per yard. The dirt averaged about 
18 feet in depth. Naturally, in face of the inexperience of the 
operators and the shortcnminge of the machine, the coats of oper- 
ation were in excess of the recoverj", and the closing down fol- 
lowed. 

Iron Mining, 

The most extensive mining operations ever conducted in this 
region were those of the early eighties, which were carried on 
by The Colorado Coal & Iron Company, the present Colorado 
Fuel & Iron Company. This company developed what was then 
called the Placer Mine, in some of its records, because of its 
location near the town of Placer, now changed to the town of 
Russell. 

Operations were ui)on The Upper Star of the West claim, 
near the top of Orayback Mountain (see Plate VIII, B.). 
So extensive were the intended operations that the Denver & 
Rio Grande Railroad constructed a spur about two miles long 
from its line at the mouth of Sangre de Cristo Creek north 
along Placer Creek to the mouth of Grayback Gulch. The track 
continued up this gulch some two miles further, but the work 
of hiinhige ou this section was performed by mules, the grade 
being too great for locomotives. The terminus of this road was 
directly down the mountain-side from the mine openings, and a 
gravity double-track tramway 1,;)66 feet long laid on a slope of 
3(1°, conveyed the ore down to the loading bins in the gulch. 
The writer hn« endeavored to secure some pictures of this old 
system, which might have lieen taken years ago, but has not 
succeeded in finding any. Many relics of this transportation 
and haulage system remain in the shapes of graded roadbeds, 
rotted ties, rusty spikes here and there, and the ruins of the 
sheave and brake wheel at the mouth of the mine. 

Mr. J. A. Writer, the .\uditor of the Colorado Fuel & Iron 
Company, has informed the author of this report as to the pro- 
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diivtiiiD made b,v this mine. He finds from old records tlmt for 
the flrat two years, that is, from July, 1881, to July, 1883, the 
BhipmeutH umounted to 14,725 tons. Beyond the last date, 
records ai-e not iit hand. Royalties upon all sbipnients were 
paid to The Trinchera Estate. Mr. E. C. Van Diest, now Min- 
eral Manager of the Estate, is of the opinion that the production 
must have been several times the tonnage stated above. The 
general statement of residents of the district is that no mining 
was done in this mine later than 1883. The extent of the under- 
ground chambers still remaining opeu to inspection would not 
seemingly have produced amounts greatly in excess of those re- 
ported by Mr. Writer; and, assuming that the mine did oi)erate 
a few mouths later than July, 1883, it is safe to set the probable 
production from The Star of the West at a maximum limit of 
2»,i)m tons. 

The ore in this mine existed as a i-eplacemeut of limestone. 
It was quite regular as to thickness, and had very smooth roof 
and door. The uccumpiinying photograph (I'late VIII, B.) 
gives an idea of this d<>]>u8it, although the lapse of time has 
made it impossible to get views that show pi-ecise conditions that 
prevailed at the time of working. This picture of the upper 
workings shows plainly how close to the surface the ore was 
found. Above the npiier workings (he iron deposit uiiiy be 
traccHl to the top of the mountain wheiv it is seen to abut 
against an cast-west wall of limestone. The limestone measures 
have a strike which is also nearly east-wpsi, and their dip is 
about ^5° to the south. 

The head of the incline already deserilH><l was located at 
the iKirtal of an adit which was driven X. til)' E. to develop the 
iron oi-e body one hundi^'d feet below the lowest of the surface 
openings. This adit penetrated a vei-y hard limestone, and must 
have been very ex[ten8ive development work. At alujut 'JiW feet in 
from the mouth a right-angled turn to the right carried the adit 
souie 50 feet farther whei-e the iron body was readied and an 
upraise was made to connect with the open workings above. 
Most of the mine's production was delivered through this set of 
passageways to the ore bins at the portal. At about the eleva- 
ti(m of Ihe tunnel, the ore changed Its character, objectionable 
sulphides occurring with the oxides which ontcrop. Xo mining 
was ever done l)ehnv the adit's level. 

The stopes resemble open, sloping caves about G to 7 feet 
high. The roof and door are of hard limestone, and no trouble 
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wna experienced with swelliog or crumbling, so that the use of 
simple Btiills liiis sufficed to ke«p the spnces open, even to the 
present time, or more than a (juarter of a centui-j. The ore was 
easily miaed, and the writer is credibly informed that th« total 
costs of mining and delivering the ore to the bins in the gulch 
at the foot of the incline did not exceed 50 cents per ton. t'pou 
the dump at the mouth of the adit, specimens of the shipments 
made years ago may now he found. The iron occurred in the 
forms of hematite and magnetite. Specimens showing various 
stages of alteration of sulphides into the oxides are obtainable, 
and these show why operations were discontinued. It is re- 
ported that large Bamplea of the ore taken from a copper-atained 
streak along the roof have run |2 per ton in gold and silver, 
(Samples may now be taken which will assay better than this, 
but it is questionable if large shipments of this auriferous ma- 
terial could be produced. 

This old mine is commonly spoken of now as the "Iron 
Mine.'- 

Prom a point on the east aide of Grnyhack Gulch, within 
the area of the Lucky claim (Sur. No. 26), an extensive and ex- 
)>en»ive adit has been run due easterly. This boi-e passes into 
the ground of the John Moore claim (Sur, Xo. 27), and was 
driven to penetrate the great ii-on deposit o^fcned in the con- 
tiguous Star of the West claim. The boi* was pushed through 
an exceedingly hard, dense, black rock {prolmbly a metamor- 
phosed shale) for about 450 feet. It is reasonable to assume 
that this driving was not done at a co.st of less limn fl8 to |20 
l>er linear foot. This is an instance of misguided effort. The 
pei-severance which caiTied on this trying [iroject would have 
been deserving of success if this commendable (quality had been 
founded ujion rational premises. 

There are several adits a few hundreds of feet higher up 
the slope of Gi-ayback Mountain from the Lucky Tunnel just 
described. These were successful in that they disclosed a de- 
posit of hematite. These old, crooked workings are in bad 
condition, and an ina|>ection of them entailed physical risks from 
falling ground, rotten timbering, bad air and treacherous sumps. 
At one stope it was possible to obtain a few data which tended 
to show that this ore occurred in a vein fonnntion rather than 
as a replacement i-nnforming with strata of the limestone. This 
stope showed that the extracted ore-shoot must have Ix'cn some 
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four feet thick, but the treacherous and already caved ground 
precluded any other measureinents. 

Upon the surface above this last set of chambers there is 
a pronounced depression, which has evidently resulted from the 
collapse of the ground. This depression is of a shape indicating 
the excavation of a tabular mass of ground. This point adds 
presumption to the existence of a vein, or some kind of elongated, 
tbin ore body. 

DiscovEBiEB OF Metal Otubb Than Iron, 

The region under consideration lies chiefly in sedimentary 
horizons. A pronounced, steeply dipping contact plane lying 
about three-quarters of a mile to the northeast of the town of 
Russell marks the limit of the Archean rocks in that direction. 
This contact has been recognized by prospectors, and two shafts 
have been sunk along it. The more southerly of these shafts is 
that of the Russell No. 1 claim (Sur. No. 128). This prospect 
opening is about 40 feet deep. The upper half is plumb, but 
the lower half follows on the dip of the strata, which here 
amounts to 75° to the northeast. The strike of the contact be- 
tween the igneous and sedimentary rocks is approximately K. 
20° W. The shaft does not actually expose the granite, but is 
rather within shales and grits a very short distance from the 
contact. The ore — if such it may be called — is about 12 inches 
thick, and is merely highly altered shale containing some slight 
amounts of metallic minerals, and conforms with the bedding. 

The owners, though eventually disappointed, prosecuted 
their work of prospecting in a workmanlike manner, as is evi- 
denced by the neat timbering. 

A flffy-foot shaft has been sunk along the exact line of this 
same Archean-Carboniferous contact, in the Blue Jay claim 
(Sur. No. 132). This is the second opening to which allusion 
was made above, and it lies about 3.1100 feet X. 20° W. from the 
Russell No. 1 shaft. Here the ore. or the material resembling 
oi-e. is ivally a very dark, somewhat alterp<l grit, carrying small 
amounts of silver and copi>er. Here, as at the mnjority of pros- 
I)ect holes in the region, the work has liecn desultory. 

T'pon the western sloi>e3 of Grayback Mountain, and eapeci- 
.tIIv well up in Buckskin Gulch {which separates Grayback and 
Ruckskin Mountains), a groat deal of poorly directed prospect- 
ing has been performed. It would probably be stating the con- 
dilioits too strongly to say that all of this work has been done 
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in a haphazard fashion, for there are some prospect boles which 
have been warranted, at least so far as opening into solid for- 
mations is concerned. Usually the criticism, that the work was 
continued irrationally, will apply. 

In the photograph of Grayback Mountain (Plate VII, B.)i 
the cabins and dumps at several of these prospects are 
sbowu. This view is a southerly one, lookiug across Buckskin 
Gulch. The Star of the West — the Iron Mine — is around the 
right-hand side of the mountain at about the elevation of, or 
slightly above the dump of the Excelsior shown at 2. Tbere 
are two adits upon this Excelsior claim (Sur. No, 11). Xo 
shipments have ever issued from this property. Low silver 
values are said to have been returned from samples of decom- 
posed limestone taken in the lower adit. This adit runs in S. 
50° E., and at 2^0 feet it discloses the vertical vein. 

Just a short distance south of the Excelsior workings there 
is an incline whose dump is not shown in the photograph. This 
opening is upon the Last Chance claim. This discovery hole 
has a dip of 45°, and is along a body of iron ore somewhat re- 
sembling that in the Star of the West. The strike is east-west. 
Iron ore was not sought in the sinking of this discovery, and as 
no appi-eciable values in other metals were found in the hema- 
tite, the work of development has ceased. There is some reason 
to believe this ore body was genetically associated with that of 
the Star of the West, but this is not a place to enter into a dis- 
cussion of the geology. 

The Homestake tunuel, shown at 5, has been driven throngh 
a dike or sheet of diorite into blue limestone. Both rocks con- 
tain extensive, nearly flat, shear planes; and at places these 
crevices have permitted the blasting of the rocks to a naturally 
smooth roof. These cleavage Assures contain seams — not over 
one-balf inch thick — of marcasite, which is found to yield high 
assay returns in gold and silver. At 525 feet from the portal a 
crooked lateral leads oflE to the east upon a grade conforming 
with the rise of one of these marcasite seams mentioned above. 
Despite the rich character of this seam, this work was unwar- 
ranted, for the output could never equal in value the expense 
of the development. 

The main adit is driven in S. 40° E, for 700 feet, where it 
forks upon encountering a two-foot vein striking northeast and 
pitching southeast. The stuff in this vein is too lean to extract. 
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This set of workings {mB»es from tUe HoiueHtake rliiim into 
the SuDDvside riniiii, and was iuleiided for iiiiitiial develoji- 
iiient. Tlie tunnel o[)eiiing from llip Sunnyside surface 111 
pierces tlie same two-foot vein found at the breast of the Home- 
stake tunnel mentioned al>ove. This Kunnyside adit has a course 
of S. 40° E., and is in 125 feet. The vein wa8 too low-grade to 
warrant drifting upon it. The adit, after passing this wortlilesa 
vein, was deflected to the southwest hv a crooked drift some 80 
feet in length, and again reached and followed the vein. A 
small lot of the material lies sacked in the shop at the mouth 
of the adit awaiting a deferred shipment. It is unlikely that this 
iron-stained, decomposed diorite will yield satisfactory .results. 

A few feet above and to the east of the jjortal of this last 
adit there is a shiillow shaft ronnecting through a circuitous 
chain of drifts and sto[>e8 with the main workings of the adit, 
Xear the base of this shaft there was extracted a small pocket — 
less than a cubic yard — of copi>er-stained galena. Specimens of 
this material may still he excavated. This is the only reported 
occurrence of lead ore in this mountain, and search failed to 
uncover any more of it, even in this set of workings. 

The dumps at the portals of the adits on the Magnolia claim 
are shown at ^ and 4. The upper tunnel runs due east following 
a soft, eighteen-inch vein, which lies between walls of limestone 
and pori)hyry. This prosjiect work seemed rational, hut it was 
continued too far. Nothing of value was uncovered. Tlie lower 
tunnel, but a few feet from the upper, followed an entirely dif- 
ferent and not so strong a vein. 

The Hidden Treasure claim crosses the saddle of the numn- 
tain to the north of Grayback Mountain. A shaft has been sunk 
right on this ridge, on a conta<-t between limestone and por- 
phyn-. The dip of this contact is 5(1° south, and the strike is 
east-west. A hematite deiiosit 30 to 36 inches in thickness baa 
been deposited here, and it is found to mn about $T in gold. 
An adit has been driven towanl this ore from the eastern side 
of the saddle near the head of Willow Gulch. Its c<mrse is S. 
60° ff. Ifi3 feet; thence West 35 feet through a porphyry mass 
containing many thin si-ams of pyrile and hematite. At the 
breast there is an attractive but valueless sheared zone about 4 
feet thick. Here a 3.">-foot winze was sunk vertically in this 
zone, and a 50-foot drift was driven front the bottom north along 
it. It has not yielded sufficient i-osnlls to warrant further de- 
velopment. 
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The Mountaiu View gvou\t of clniDis (Sure. Xos. 83, 84, 85 
and 105) lies in Stearns Gulch to the east of Grayback Moun- 
tain. Here may he seen the most pi-etentioiia surf.i<.-e and under- 
grouud equipments in the district. In one building there are 
.housed the following: 

Ore bins, 2 Ilendrie & BoltholT automatic feeders, 2 Denver 
Enjjineeriiig Works S-stainp batteries, 2 amalgamntiou plates, 1 
Pierce nuialgamator, 1 Wilfley table, 1 American Well Works 
compressor (10"xl2" steam and 8"xl2" nir), 1 Reliable 10"i[12" 
engine, belted to stamp shaft. 1 Sinclair drill sharpener, 1 16foot 
return -tubular boiler, and carpenter's and inacbinist's benches. 

Across the gulch from this mill building are the cabins 
occupied by the employes of the company, an incoriwration. 

An extension tunnel has been driven as follows: S. 60° W. 
409 ft.; rheni-e N. 65° W. 170 ft.; thence S. 65° W. 130 ft. From 
the first angle above, a branch runs S. 30° E. 54 ft. ; thence S. 
40= E. 35 ft.; thence S. 10° E. 30 ft. 

At several points along these branches short drifts hava 
been pushed in search of ore shoots. All drilling has been done 
with Sinclair drills. The greater part of this tunneling has 
been perfonued in a very hard, ringing, blue sbale. In the 
second course of the left-hand branch the bore enters a light- 
colored, hard rock, whose texture is so flue that it resembles a 
very fine grit or a quartz- porphyry, despite the genetic differ- 
ences in such rocks. These expensive workings were pushed 
blindly for the purpose of developing a [>eculiar ore body dis- 
closed a few hnndreds of feet up the mountain side. 

At this upper point a shallow shaft and a short adit huve 
opened up an interesting mass of brerciated porphyry. This 
body has lieeu locally, though erroneously, called a "chimney." 
The excavation has produced a space resembling, in shape and 
size, a large beehive coke oven. From this stope a considerable 
tonnage must have been removed. 

The fragments of porphyry are cemented together by iron 
oxides which carry a small content of gold. It was upon the 
showing in this one small stope that the sanguine owners 
erected the milling plant. The writer was, informed by a gentle- 
man in charge of operations here that a trial mn of 6 tons put 
through the mil! cleaned up $62. This mill now stands as but 
one of the many monuments throughout the world erected to 
men's credulity in matters pertaining to mining. Not only was 
this mill jn-emnturely erected, but very poor engineering sense 
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was exercised hi permitting the tuniiel to entirely miHs its ob- 
jectiTe. 

Gexeaalites, 

There are the foltowiog general features coocerniug tbia 
portion of Tbe Trinohera Estate, which are of interest to the 
ordinari' mining man. 

Tbe climate is very mild the year round. The winters are 
less rigorous than in most of the other Colorado mining dis- 
tricts. This area is well protected upon three sides by high 
mountains, Siei*ra Blanca being tbe highest peak in the state. 
The latitude is in favor of the climate, and operations of lode 
mining could continue without interruption from inclement 
weather. With the new installation of dredging on the placers, 
there is reason to expect continuous operations on the alluvialB, 
summer and winter. 

There is an abundance of fine water suitable for bydraulick- 
ing in the gulches (with the exception of Willow Gulch), and 
for milling purposes. Local treatment of ores would be possible. 

Timbers for mining purposes are in abundance upon the 
mining claims, or they may be cheaply obtained from nearby 
pointx. These mountains have not been devastated of their 
forests as have the mountains in many mining districts. 

Should smelting ores be produced, they can be easily 
marketed over the Denver & Rio Grande Railroad to Pueblo, or 
other smelting centers. The freight rates which have been paid 
in recent years u|ion a few shipments from Kussell to Puebh» 
have averaged about fU per ton. 

The extensive coal fields just a few miles to the east of this 
Estate, in Huerfano County, assure a cheap fuel supply. 

The writer desires to here acknowledge and to express his 
appreciation of the valuable information extended him by Mr. 
E. C, Van Diest, Mineral Manager of The Trinchera Estate; 
Mr. J. A. Writer, Auditor of the Colorado Fuel & Irou Company, 
and by Mr. Richard H. Hart, attorney for the same company. 
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CHAPTER IX. 



OROGRAPHIC MOVEMENTS AND BIBLIOGRAPHY. 
Obogbaphic Movements. 

Owiug lo the ubseuce of all aediiueutarj (oriiiatioiis above 
tUe earbonifei-oU8 it is iiupusmblv to tmce the iiioud tain- forming 
luoveiueutB fruui u study of tliu limited area under investigation, 
but from a linowledge of tlie sun-ouudiug i-egion these events 
may be understood. 

At Uie close of the Laruiuie it is probable that the iSangre 
de Cristo Range, of whicli this area forma a part, was the east- 
ern edge of a low lying continent. After the close of the Lara- 
mie the mountain -forming movements set id and were continued 
at iutervalB in the late Eocene and during the Neocene. It is 
known that the igneous rucks, simitar to those in the Grayback 
District, but lying further east, could not have been intruded 
until after the middle of the Eocene, as they are shown to cut 
beds of the early and middle Eocene. It is quite possible that 
the eruptive activities began at the time of the orographic move 
meuts of middle or late Eocene, and, if so, they must have 
materially assisted in the elevation of the range. It is certain, 
however, that in late Eocene and early Neocene very extensive 
eruptions of igneous rocks occurred, and at the same time the 
deeper lying intrusive sheets, dikes and laccoliths must have 
been intruded. The present con^n^ration of the mountains is 
the result of extensive erosion of the surface eruptives and of 
the thick sedimentary series that doubtless orjgiually buried 
these igneous rocks thousands of feet deep. 

It is more than possible that faulting of the rocks may have 
had some effect in the present conflguration of the mouDtains, 
but there appears to be no evidence that fault movements have 
been very great. A number of faults have been observed at or 
near the contact of igneous with sedimentary roi'ks. or entirely 
within the igneous rocks and a few cases of apparently minor 
faults within the sedimentary beds, at some distance from the 
contact with igneous rocks, have been observed. It is almost 
certain, too. that the pressing in of so much igneous material 
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mnBt have resulted iu moi-e or lesB movemeDt of the older rocks 
that would result in faulting or slipping one on the other, es- 
pecially along the bedding planes. But in the absence of very 
extensive faults such minor slippings, no matter bow numerous, 
would not produce any marked effect on the configuration of the 
topography. 

Bibliography. 
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